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My DEAR GOVERNOR STARK: 
I am hereby transmitting to you the Annual Report of the Agri-
cultural Experiment Station of the University of Missouri. 
I want to take this occasion to express my appreciation of the 
work the Agricultural Experiment Station at Columbia has been doing 
in research work which is proving to be of great value to the rural 
. population of our State. 
PRESIDENT F. A. MIDDLEBUSH 
University of Missouri 
Columbia, Missouri 
Sir: 
Respectfully submitted, 
FREDERICK A. MIDDLEBUSH, 
President, University of Missouri 
I am submitting herewith the report of the Director of the 
Agricultural Experiment Station for the year ending, June 30, 1936. 
This report is submitted in accordance with the Federal law requiring 
such report, a copy of which is to be submitted to the Governor of the 
State and to the Secretary of the Treasury of the United States. 
Respectfully submitted, 
F. B. MUMFORD, Director, 
Missouri Agricultural Experiment Station. 
June 29, 1937. 
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Science Points the \Yay 
Work of the Agricultural Experiment Station During the Year 
Ending June 30, 1936 
F. B. MUMFORD, Director 
S. B. SHIRKY, Assistant to the Director 
The solution of farm problems through scientific research is 
now recognized to be the most important single approach to the 
development of a stabilized and successful agriculture. As experi-
ment stations become better organized and as investigators in the 
experiment stations become more skillful, the practica:l applications 
of scientific discoveries become increasingly certain. 
The Missouri Agricultural Experiment Station has made 
significant contributions in many directions. The results of these 
discoveries are published in 840 bulletins and in many scientific 
journals. 
A few of the significant and important subjects under investi-
gation are: the use of finely ground limestone as a fertilizer; the 
improvement of standard varieties of farm crops; the improvement 
of Missouri pasture crops; and the development of new systems of 
farming which conserve fertility, reduce erosion, decrease labor 
on the farm, and ultimately result in a larger fa:rm income. Im-
portant contributions have been made in the study of animal growth 
processes; conditions affecting milk secretion; improved rations 
for lactating swine; improved methods of feeding beef cattle and 
sheep; discovering causes of sterility in domestic animals; the pre-
vention of plant and animal diseases; control methods for insect 
pests; and studies on soil erosion and prevention of fertility losses 
on the different types of Missouri soils. 
There is no, limit to the possibility of improving agriculture and 
agricultural processes through scientific research. Great as have 
been the accomplishments in the past, we may confidently look 
forward to greater and greater contributions in the future. 
The material in this publica:tion is based on reports by the 
investigators in immediate charge of the research proj ects active 
during the period covered. 
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Experiments in Progress During the Year Ending 
June 30, 1936. 
AGRICULTURAL CHEMISTRY AND ANIMAL NUTRITION 
A. G. HOGAN, Chairman 
The Vitamin B Complex (A. G. Hogan, L. R. Richardson). 
Several "new" members of the vitamin B complex recently have 
been reported and ne'W names and properties have b~en a'scribed 
to them. An effort has been made to reduce the confusion in this 
field. The symptoms described by the earlier workers apparently 
were due to a deficiency of flavin. Another deficiency disease de-
scribed by numerous designations is apparently identical with the 
antidermatitis agent described first by this station in 1932. The 
antineuritic vitamin was recognized long ago so there are three well 
characterized members of the vitamin B complex. However, if 
these three vitamins are used in place of crude preparations of the 
vitamin B complex they do not permit rats to attain normal mature 
weights . . Therefore, apparently there is at least one more member, 
the fourth, of this complex. 
Efforts to obtain a more concentrated preparation of the anti-
dermatitis vitamin showed that it was adsorbed from tiki tiki ex-
tract, or yeast extract, by fuller's earth, and that it can be recovered 
from this adso·rbate by the usual methods. Crude preparations were 
relatively staJble to ultraviolet rays. They were unaffected by the 
rays of the visible spectrum. 
Some preparations also have been supplied to pigeons to deter-
mine whether some of the "new" vitamins might not be old ones 
under other names, and to determine whether or nQot the vitamin 
requirements Qof the pigeon and rat were identical. The pigeon, 
as well as the rat, required the antineuritic vitamin. There was no 
evidence that the mature pigeon required either flavin or the anti-
dermatitis vitamin, but there may be some other first limiting 
factor. 
On certain vitamin deficient diets pigeons became severely 
anemic and died unless suitable treatment was applied. Pigeons 
were unable to maintain normal body weight when restricted to 
the vitamins that were recognized as essential for the rat. The 
evidence indicated that this "weight maintenance" factor was not 
identical with the antianemic agent. 
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Fig. I.-Red blood cells of the pigeon. A. Erythrocytes of a normal pigeon, 4.08 million 
per cu. mm. Dilution 1-200. B. Erythrocytes of Anemic pigeon, 0.74 million PCI' cu. mm. Dilu· 
tion ] -200. Note large proportion sickle cells. 
Nutrition of Rabbits (A. G. Hogan, S. R. Johnson) Rabbits 
developed paralysis and died when they were restricted to rations 
of the concentrate commonly employed in livestock feeding. If 
these rations were upplementcd with sodium bicarbonate the 
paralysis either was delayed greatly or entirely prevented, and the 
mature weights were approximately normal. Strangely, wheat 
germ oil was more effective even than th odium bicarbonate . 
These rations were adequate for normal growth but failed al-
most completely during the reproductive stag . IMany of the young 
were dead at birth and mo t of those that were alive did not survive 
long. The deaths after birth were part ly due to fai lure of the moth-
ers to secrete milk and partly to a hemorrhagic disease, clearly of 
nutritional origin. 
Numerou supplements have been examined but only one has 
been regarded a completely successful. It consisted of a plant 
extract prepared by macerating and expres ing the juice from green 
barley. Thi wa supplied to the animals while fresh without con-
centration. 
An effort has be n made to fractionate the extract but appar-
ntly the fract ions were Ie s active than the fresh extract. Frac-
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tions that have offered most promise were a dilute alcohol extract 
of cereal grasses and an ethyl-ether extract of dehydrated alfalfa. 
Either fraction improved the basal diet, but neither was satisfactory 
alone. 
Guinea pigs also have been used. These animals require 
vitamin C, but in other respects their nutritional requirements seem 
identical with those of rabbits. The supplements used were as 
follows: 
1. Plant juice, ad lib. 
2. Concentrated plant juice, dry matter 5 per cent of ration. 
3. Same as 2, dry matter 10 per cent of ration. 
4. Ether extract of dehydrated alfalfa, 1 per cent of ration. 
5. Plant juice soluble in 25 per cent alcohol, dry matter 2 
'per cent of ration. 
6. Dilute alcohol extract of dehydrated alfalfa:, 2 per cent of 
ration. 
Only plant juice ad lib. proved satisfactory. The others were 
unsatisfactory. 
Nutritional Requirements of Poultry CA. G. Hogan). Chicks 
can not be reared on the simplified rations that are adequate for 
the rat, and no attempt to do so was successful until the diets used 
were supplemented with liver extracts. The diets first used 
were uniformly satisfactory but later the percentage of failures 
became alarmingly high. The diet used was made up a's follows: 
Casein ............................................ 35% Acid-hydrolyzed yeast ................ 4% 
Corn starch .................................... 32% Ether extract of egg yolk .......... 2% 
Salts ................................................ 4% Liver extract, Cohn Fraction' .... 4% 
Cellophane ...................................... 3% Liver extract, Whipple 
Cod liver oil .................................. 2% Fraction2 ................................ 2% 
Lard ................................................ 11% Tikitiki extract .............................. 1 % 
'Used in treating pernicious anemia. 
2The precipitate obtained in preparing the Cohn fraction. 
It commonly has been believed that the chick was injured 
readily by improper amounts of calcium or of phosphorus, and 
especially by an unsuitable ratio of these elements. No improve-
ment followed increases or decreases of these substances, or by 
changing the Ca:P ratio. 
The variability of the vitamin carriers next was tested. No 
evidence was obtained that either the acid-hydrolyzed yeast or the 
tikitiki extract was responsible for the failures. 
Earlier observations on other animals have shown that wheat 
germ oil had unique nutritional properties and it was included in a 
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number of rations. This constituent was not of decisive importance 
but comparisons indicated that it improved the ration slightly. 
Other studies have indicated that a deficiency of manganese 
may cause nutritional abnormalities. A study of 4 comparisons indi-
cated that the addition of this substance increased the growth 
rate. It reduced the cases of leg weakness but did not eliminate 
them. 
The liver extracts next were examined. Apparently these were 
the most important variables. Extracts secured from different 
manufacturers showed a fairly wide variation in effectiveness. The 
chicks on the superior preparations weighed over 20 per cent more 
than the others at 6 weeks and the incidence of deformities and 
abnormalities was lower. It also became evident that different 
preparations by the same manufacturer were quite variable. 
Recent attempts to find the conditions that result in chick 
anemia have been successful and it is believed this type of anemia 
can be produced at will. The observation that a nutritional deficien-
cy will cause a fatal anemia is regarded as an important discovery. 
NUMBEItS IN CIRCLES AItE RED BLOOD cms 
IN MILLIONS PER CU. MM. 
THE OTHEIt NUMBERS ON THE CURVES ARE 
BODY WEIGHTS IN GItAMS. 
X-INDICATES THAT ALL ANlMALS HAD DIED. 
THE NUMBER OF ANIMALS ON EACH 
RATION IS INDICATED IN PARENTHESIS. 
I I 
~--~ --+---+--+----; 
Fig. 2.-An amino acid mb:ture that will produce anemia may be obtained from deaminized 
casein. The first preparation (Curve V) is apparently more active than the second (Curves 
I·IV). An amino acid mixture was obtained from casein that heals this type of anemia 
(Curve VI). . I 
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Anemia Caused by Deaminized Casein CA. G. Hogan, L. R. 
Richardson). Animals that received de:xminized casein as the sole 
so·urce of protein soon died. Lactalbumin is a complete protein, 
but on a mixture of lactalbumin and deaminized casein rats failed 
to. grow, becoming anemic and dying. A mixture of deaminized 
casein and casein was adequate. 
These observations suggested two problems: (1) What sub-
stance in deaminized casein caused anemia; (2) What substance in 
ordinary casein prevented it. It was hoped that acid hydrolysis 
would liberate the active agents and that they then might be iso-
lated. This expectation has been realized partly for each hydroly-
sate contains the substance sought. The technique requires addi-
tional study since the two preparations of hydrolyzed deaminized 
casein now available do not have the same activity. All animals 
that received the hydrolyzed casein gained rapidly in weight, and 
the red cell count soon reached normal value. 
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AGRICULTURAL ECONOMICS 
o. R. JOHNSON, Chairman 
The Effects of Production Control on Farm Practices (0. R. 
Johnson). In order to determine the effects of production control 
on farm practices it has been necessary to collect information on 
changing farm management practices in three Missouri counties: 
Atchison, Nodaway, and Linn. The data have been collected and 
show the changes in livestock methods and crop acreages for the 
past five years. Data also have been collected on the llse of ma-
chinery and machine costs. A summary of the changes between the 
years indicated has been prepared. This is shown in Table 1. 
A Study of Adjustments in Farming by Regions and Type of 
Farming Areas from the Standpoint of Agricultural Adjustment and 
Planning, Including Soil Conservation (0. R. Johnson, Glen T. 
Barton). This investigation ,vas made primarily for the use of 
the Production Planning Division of the Agricultural Adjustment 
Administration. It 'Was carried out under the direction of the Land 
Use Committee ·o·f the College of Agriculture, University of Mis-
souri. 
T'he State was divided into sixteen types of farming areas. 
A description of each area was provided showing the principal 
agricultural products of that area, the methods of marketing, and 
the sources of income. General descriptions of the areas also 
included the physical and economic characteristics. An analysis 
was made of the significant changes in the systems of farming prac-
ticed during the last twenty years. Recommendations were made 
as to the important area problems which might be helped by adjust-
ment. A description also was given showing the general changes in 
the farm organization due to adjustment and a statement regarding 
the effects of adjustment on total produC'tion and on cash income by 
type of farming areas was prepared. The most serious problem 
areas in Missouri were those involving second grade agricultural 
land where erosion and soil depletion have taken serious toll dur-
ing the last two decades. Other areas of less importance, but still 
offering possibilities of considerable improvement, included most 
of the grazing type of farming areas in the Ozark Border and 
Ozark Plateau regions. The problem in this area apparently is not 
one of erosion control but rather of improved uses of pasture and 
grazing crops. Very little significant change has occurred in the 
major problem areas in the last two decades. The farm unit has 
TABLE I.-ANALYSIS OF FARM BUSINESS FOR ATCHISON, NODAWAY, AND LINN COUNTIES ...... N 
Atchison Nodaway Linn 
Factors Helping to Analyze 
the Farm Business 1931 1933 1929 1933 1929 1933 
-----
A. She Factors 
Total Productive Man Work Days __________ __ __ ___ 662 . 0.0. 60.8.34 540..0.0. 541.0.0. 40.1.0.0. 397 . 30. ~ Total Area Farmed ____________ __ ______ ________ ___ 259.0.0. 252.53 224.0.0. 20.3.0.0. 232 .0.0. 236.0.0. Number of Men Employed ___ __________ ___ ____ ___ _ 1.84 1. 76 1. 76 1. 59 1. 50. 1.46 C;; Gross Rece ipts ____________ ____ ___ _____ __ ____ __ ___ 40.25 . 0.0. 3796.29 7924.0.0. 2430. . 0.0. 3339.0.0. 1662.0.0. Ul Acres in Crops ___ ___ __________ ______ _______ ___ ___ 185. DO. 171. 44 132.0.0. 1I5.DD 106.0.0. 116 .0.0. 0 % Crop Acres are of Total AreL _____ ___ ___ __ _____ _ 72 .0.0. 67.88 59.0.0. 56 . 00. 47 . 0.0. 49.0.0. c:: Acres in Corn _____________ ______ _______________ __ 135. DO. 114 .0.6 1I3 . 2D 63 .0.0. 42.00 42.0.0. ::0 Acres in Oats __ __ ___________ __ __________ _____ ____ 25 . 00 29 .00 20 . 00 18 .00 12.00 21.00 .... Acres in WheaL _________________________________ 2.20. 2.55 11.0.0. 6.60. 5.0.0. 2.0.0. >-Acres in Legu mes _________ ___ ___ ___ __________ ____ 16.0.0. 21.20. 15.0.0. 20..0.0. 10.0.0. 22.0.0. 0 % Legume Acreage is of Crop Area _________________ 9.30. 12.37 11.0.0. 17.70. 12 .0.0. 19.0.0. ::0 Acres of Pasture __ _________ _______ _______ ___ ___ __ 62 .0.0. 66.80. 83 .0.0. 78.0.0. 1I2.Do. 105 .0.0. ;:; % Pasture is of Total Area ____ _______ ________ ____ _ 23 .50. 26.45 37 . 0.0 38 .0.0. 47.0.0. 44.0.0. c:: Livestock Investment per Crop Acre ___ __ _____ _____ _ 15 . 97 8.26 33.00 16 .00 29 . 00 13.00 t"' Number of CO\VS Mi.kcd _______ ____ _____ __________ 3 . 0.0. 4 . 0.7 6.00 9 . 0.0. 6 .0.0. 7.00 .., Number of Beef Cow"- _____________ __ ___ __ __ _____ 5 . 0.0 7.69 8.0.0. 7 .0.0. 10..00. c:: Number of Sheep KepL __ ______ __ ____ __ ___ _____ __ 6.0.0. 3 . 25 16.0.0. 13 . 0.0 16.0.0. 28 .0.0. ~ Number of Brood Sows __ __ ____ ___ ___ ____ __ _______ 16.00. 12. 86 15 .0.0. 12.0.0. 5.0.0 6.0.0 Number of Chickens ____ ________ __ __ ___ ________ ___ 128.0.0 153 . 25 175 .0.0. 186.00. 184 . 0.0 183. DO t"' 
B. Production F actors t'rJ Crop I ndex ______ __________ ___ ______ ____ ___ _____ _ 100..0.0 100.0.0. 100.00 100..0.0 10.0 . 0.0. 100..0.0. >:i Corn Yield per Acre __________ _______ ____ ___ ___ __ _ 34.00. 41.24 45.0.0. 39 . 00. 35 . 0.0. 30..0.0 
"0 Oats Yield per Acre ___ _________ ___ __ ___ _________ _ 24 . 0.0. 15 . 55 36.0.0. 22.0.0. 23.00. 19.0.0. t'l Wheat Yield per Acre __________ ______ __ _______ ____ 4.20. 17.60. 19.00 19 . 0.0 12.00 14.0.0 l'" 
Dollars Worth of Feed Grown per Acre __ ____ ______ _ 11.0.5 9.99 14.00 8 .0.0. 10 .0.0. 3.0.0. ~ Dollars Worth of Crops Sold per Acre _____ ___ _____ _ 1.93 2.80 2 . 00 .86 1.12 .33 
Acres of Pasture per Animal UniL ___ _______ ___ ____ 1.60 1. 21 1.80. 1.53 4.30 2.90 t'l 
Cattte Increase and Net Sates pe r UniL ____ ____ ____ 43 . 00 31. 22 116.00 33.00 102.00 24.00 Z 
Hog Increase and Net Sales per UniL __________ ____ 46.0.0. 56.77 149 . 0.0 57.0.0. 157 .0.0. 66.0.0. 
.., 
Sheep Increase and Net Sales per UniL ____________ _ 19 . 00 80..88 150 . 00. 77.0.0. 90. .0.0. 66.0.0 en 
Dairy Product Sales per Cow ___ ______ ________ _____ 23.0.0. 33.69 60. . 0.0. 42 .0.0. 62.0.0 23 .0.0. ~ Pigs Raised per Brood Sow ____ __________ __ ________ 8.00 7 . 77 9.30. 9.0.0. 13.0.0. 10.0.0. 
Lamb and Wool Sales per Ewe ____ ____ ____ ____ _____ 3.96 6.18 14.0.0. 7.0.0. 8.0.0 4.0.0 .., 
Poultry Increase and Net Sales per Hen ___ ____ ____ __ 1.44 .82 2.0.0. 1. 18 2 .88 1. 15 0 % of Total Feed Fed t hat was urchased_. ____ ______ 11.00. 8.73 25.0.0. 24.0.0. 17.0.0. 9.0.0. Z 
Feed Used per $100 Invested in Livestock ___ ________ 91.0.0. 72.81 106 . DO. 74.0.0. 10.2.0.0. 75 .0.0. 
Net Livestock Receipts per )11.0.0. of Feed Fed _____ __ .49 1.33 1.26 1.60. 1.29 1.20 
Livestock Income per Acre __ ___ ___ _______ _______ __ 5.79 8.0.0 25.00 8.78 13 . 31 5.50. 
C. Use of Labor and Equipment 
Productive Ma n Work Days per WorkeL _____ ___ ___ 354.00 346 . 25 30.9.00. 349.00 263.00 277.70 
Crop Acres per Worker _____ ______ ___ ______ ___ ____ 99.0.0 97.58 75.00 73.0.0 72.0.0. 80 . 80. Animal Units per WorkeL __ __ ___ ____ __ __ __ _______ 26 . 00 31. 35 25 .0.0. 31.00 19.00 25.50 
Dollars Worth of Machinery per Worker _____ _______ 1261.0.0. 531. 83 522.00. 40.7.0.0. 1585. DO. 434.10 
Productive HartJe Work Days per Horse ..,. __ _ ." .. _ ... _ ... _ ... 749 . 00. 89 . 53 66 .00 73.00. 40.6.00 67.75 
Productive Horse Work Days per Power UniL ___ __ _ 
Acres of Crops per Horsc _________ __ ___________ ___ _ 
Crop Acres per 11100 Invested in Machinery ________ _ 
Ivrachinery Expense per Crop Acrc ___________ _ __ __ _ Labor I ndex __ __ __ ___ ______ ________ __ _______ ____ _ 
D. Investment Factors 
Value of Farm per Acrc ________ ______ ___________ _ _ 
Value of Improvements per Acre __________________ _ 
Value of Fencing per Acrc ____ _ 
Value of Machinery per Acrc _______ ______________ _ 
Investments in Feeds and Supplies per Acrc __ ______ _ 
Investment in Livestock per Acrc _________________ _ 
Investment in Improvements pef $100 Invested in Livestock _______ ______ ___________________ __ _ 
Expense of Maintaining Improvements pcr Acre ____ _ 
Expense of Maintaining I mprovements per ~noo 
I nvested ____ ____ __ ___________ ________ ______ _ 
Expenseo{ Maintaining Machinery per $100 Invested 
Annual Cost of Improvements per $100 lnvestcd ____ _ 
Annual Cost of I mprov ements per Acrc __ ________ __ _ 
E. Earnings of Capital and Wages of Labor Average Real Estate CapitaL ____ ___ __ __ ___ _______ _ 
Average Livestock CapitaL ___ __________________ _ _ 
Ave ra ge Equipment CapitaL _ ______ ___ _______ ___ _ _ 
Average Feeds and Supplies CapitaL ____ __________ _ 
Other CapitaL ________________ ______ ___________ _ _ 
Total CapitaL ___ ______ ________ ____ ______ ______ _ 
Receipts from Crops ___ ___ __ ______ _____ __________ _ 
Receipts from Livestock- ___ _____________ _____ ___ _ 
IVfisceJla neous Rcceipts _____ ____ ___ ____ _____ ______ _ 
1 Dereased I nventory ____ ____ ___ _________ ___ ______ _ 
Total Receipts ________ __ ________ ____________ __ __ _ 
Current Expenses __________________ ____ _________ _ 
Decreased I nventory ____ __ _____ _________ _________ _ 
Total Expensc ________ .., __________ _______ ____ ___ _ _ 
Farm I ncome ___________________ ____ _____ ~ __ ____ _ 
I nterest at 5 % (less interest already paidL ______ ___ _ 
Farm Labor Income ___ ________ _____ __________ ___ _ 
I nterest Earned on Net Capital after Allowing Hired Mao's __ ________ _________ ____ ______ __ ______ _ 
\Vagcs for Operator's 'T'imc _____ ___ __ _____ ____ _ 
Interest Earned on N e t Capital after ___ ___________ _ 
Allowing Manager's ""age _______ _____________ _ 
Returns per \Vorke r per YeaL __ _____ ___ __ __ ______ ... 
Returns per Hour of Productive LaboL ____ ______ __ _ 
Returns per \Vork U nit on Crops ____ ____ ____ ______ _ 
Returns pcr \Vark Unit on Livestock ____________ __ _ 
Gross Receipts per $100 Farm Expense ____________ _ 
Gross Receipts per Acre _____________ _________ ____ _ 
Gross Expense per Acre. __ _______ ________________ _ 
Nct Income per Acre ______________ ______________ _ 
93.00 
26.00 
16 . 00 
1. 52 
100.00 
121.00 
17 .00 
3 .82 
5. 62 
6.23 
10.78 
171.00 
.57 
2.86 
19.00 
7.66 
18 ,376 .00 
2539.00 
1356 .00 
H/6 .00 
.11 
23,687.00 
341.00 
3036 .00 
90.00 
79.00 
3546.00 
2587 .00 
2067.00 
4654 .00 
-1107.00 
819 .00 
-1926.00 
-1242.00 
-s% 
-8oi~iio 
- . 29 
6 .66 
- .58 
78 . 00 
13 . 37 
17.29 
-3.92 
71.09 
25 . 92 
18.34 
1. 28 
100.00 
83.65 
17.37 
1.89 
3 . 70 
3.84 
8.01 
216.89 
.48 
2.77 
23.46 
9 . 55 
1.66 
20,473.18 
2019.67 
934 . 37 
962 . 52 
24,393.66 
475.20 
2320 .91 
95 .07 
934 . 75 
3825 .95 
1944.95 
112.72 
2057.66 
1768.26 
912.61 
855 .62 
13 . 28 
-iO~6S 
666.69 
. 197 
5.80 
3 . 82 
178 . 03 
25.90 
14.54 
11.36 
19.00 
14.00 
2.83 
140 .00 
12.00 
4.14 
4 . 10 
7.34 
18 . 00 
70.00 
.97 
3.00 
36 .00 
21,342 . 00 
4105.00 
920.00 
1694 .00 
28,ii6i ~ iiii 
456.00 
6057 .00 
109 .00 
1302.00 
7924.00 
4989.00 
100.00 
5089.00 
2835.00 
813.00 
2022.00 
2520.00 
12% 
2295 .00 
11% 
1409.00 
.46 
16 .00 
6.00 
164.00 
35.00 
23 .00 
12.00 
66.00 
21.00 
18.00 
1. 26 
100 .00 
84.68 
16.28 
3 .09 
3.18 
4.06 
13 . 32 
126 . 08 
. 76 
4.66 
22.61 
14 .87 
2.42 
10,606.00 
1673.00 
624.00 
491.00 
13,394~ iio 
100 .00 
1909.00 
77.00 
511.00 
2597.00 
1414.00 
40.00 
1454.00 
1143 .00 
391.00 
752.00 
11.92 
--9~3ii 
485.67 
.205 
4 .60 
2.36 
178.06 
19.40 
10.86 
8.54 
62 .00 
22.00 
24.00 
1. 32 
103.00 
66.00 
9 .00 
2.63 
2.82 
1.80 
12.00 
206.00 
. 77 
3.34 
18.00 
7.00 
10,604.00 
2600.00 
572 .00 
401.00 
14,177 .00 
134 .00 
2893.00 
24.00 
288.00 
3339.00 
2013.00 
366.00 
2379.00 
960.00 
418 .00 
542.00 
770. 00 
5% 
413.00 
578 .00 
.20 
12.00 
2 .05 
160.00 
15.16 
10.76 
4.40 
60.46 
26.03 
18.61 
1.00 
100.00 
45.62 
9.73 
2.21 
3.98 
2.79 
9.03 
107 . 71 
.47 
4.86 
17 . 80 
16.55 
1.61 
10,440.00 
1559 .00 
637.00 
446.00 
12,982~iiii 
134 .00 
1373.00 
89 .00 
278.00 
1874.00 
1061.00 
132.00 
1193 .00 
681.00 
465 .00 
216 .00 
8.00 
4.56 
338.00 
. 137 
4.80 
3.19 
156.28 
6.87 
4.39 
2. 48 
to 
c:: 
t" 
t" 
tr1 
>-l 
Z 
<..N 
00 
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<..N 
14 MISSOURI AGRICULTURAL EXPERIMENT STATION 
remained fairly constant and the cropping system has been sub-
jected only to minor changes. The amount of livestock carried has 
been reduced because of the reduced productivity of the old sys-
tem. Heavy cropping of land normally in grass during the World 
Wa'r was responsible for most of the difficulty. The most impor-
tant problem which might be aided by an adjustment program 
seemed to be the development of a method of reducing heavy 
corn production in areas no longer highly suited to corn. 
The Contribution of Pastures and Pasture Crops to the Total 
Physical Production of a Farm (0. R. JDhnsDn, Elsworth Springer, 
Darryl Francis). Eight areas in the State representing the impor-
tant soil problem areas have been selected for this study. These 
areas are shown in the attached map. They are located in Noda-
way, Sullivan, Marion, Monroe, Pettis, Vemon, Lawrence, and 
Texas Counties. Cooperators in each of the areas are keeping rec-
ords and two field men make regular visits to each farm. Owing 
to the season a great deal of the value of the pasture records will 
MISSOURI 
UW1l(1tU 
---+--1 .. ,;0;_"', - !aariR."'ir""iW,,,..l-l";;;;,*,,---
" ... 
Fig. 3.-Map of Missouri showir.g soil areas selected for the study of the contribution of 
pasture crops to the total physical production of a farm. 
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be lost. However, farm management aspects of providing feed 
in a very ba:ckward season have been recorded. These records 
give an accurate picture of how farmers met the most disastrous 
drought in the State's history. 
Cost of Family Living on the Farm (B. H. Frame). Twenty-
one teachers of vocational agriculture have cooperated in making a 
study of the amount of various home-grown products consumed on 
the farm. A total of 384 records has been accumulated. These 
records were obtained from the families of vocational agricultura:l 
students. Table 2 shows the amount, prices, and value of various 
home grown products which were used on the farm . 
TABLE 2 .-AvERAGE QUANTITIES, PRICES, AND VALUES OF HOME PRODUCED 
COMMODITIES USED IN THE FARM HOME IN DIFFERENT SECTIONS OF THE 
STATE (REDUCED TO THE BASIS OF A FAMILY OF FIVE) 
Final for State 
Unit of --------------
_C_o_m_m_o_d_it..:..Y..,.-_____________ Quantity 
Home-made 'Butter ____________________________ _ 
Cream ___ h ____________________ _ ____ _ _________ _ 
Whole Milk- _________ ___________ _________ ____ _ 
Skim Milk- ________________ __________________ _ 
Buttcrmilk-______ ________ ___________________ _ 
~r!"chi;k;;s~~ ~==== === = = = == ==== = == = == = == = == = = = Young Chickens ______________________ ______ __ _ 
Turkeys ____________ _________________ ________ _ 
Ducks _________________________________ ______ _ 
Geese __ . ______ .;. ___ _______________________ ____ _ 
BeeL _______________ __________ ______ _________ _ 
Pork- _______________________________________ _ 
Mutton __________ . _________ ____ __________ . ___ _ 
Goat Meat ___________________________________ _ 
Wheat for Flour __________ __ __________________ _ 
Corn for MeaL _______________________________ _ 
Apples ___________ _________________________ ___ _ 
Peaches ______________________________________ _ 
Cherries _____________________________________ _ 
Stra wherries ____ ___________________ ______ _ ____ _ 
~~~~ke~~~r!~~-::====== = == = = == == == = == = == ==== == = = = tf~~~:p~~~~~~~::::: =:::: ::: =::: =:=: =::::: ::::: Turnips ____ ________________________________ _ _ _ 
Dry Onions __________________________________ _ 
Dried Beans ________________________________ __ _ 
Canned Green Beans __________________________ _ 
" §;~m ~~2~~~~~-=:-=-:::=:= = = :== ::= ====== = =:= == 8~~~~db~;iI~i~ck1~;: :_-_-_~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
tt~f~~;~e~a~~s~~mm~~~m~~~~~~~~~~~~~~~ 
~~~!8~:.~~t:::: :=: = ::: = =:::::: =:= =:: =: = = = = = = = 
Lb. 
Pt. 
Gal. 
Gal. 
Gal. 
Doz. 
Lb . 
Lb. 
Lb. 
Lb. 
Lb_ 
Lb. 
Lb. 
Lb. 
Lb. 
Bu. 
Bu. 
Bu. 
Bu. 
Gal . 
Gal. 
Gal. 
Lb. 
Gal . 
Bu. 
Bu. 
Bu. 
Bu. 
Lb. 
Qt. 
Qt. 
Qt. 
Qt. 
Qt. 
Gal. 
Ga l. 
Hd. 
Gal. 
Gal. 
Doz. 
Cord 
Ton 
Quantity 
106.0 
218.0 
222.0 
155.0 
25 .0 
119.0 
72.0 
132 . 0 
4 . 1 
2 . 8 
5.3 
145.0 
719 .0 
17.2 
4 .2 
11.0 
I.S 
8.5 
5.6 
2.8 
2.9 
5 . 7 
44.0 
4.2 
17.0 
3.4 
2.3 
1.4 
31.1 
19.5 
29.6 
11.7 
4. 8 
1.5 
4.5 
4:4 
34 .0 
9.7 
3.8 
13.6 
13.2 
2.1 
Price Value 
26.9 $28.51 
15.2 33 . 14 
20.6 45.73 
7.1 11.00 
11.9 2.98 
21.5 25.58 
12.2 8. 78 
15.5 20 . 46 
IS.8 . 77 
9 . 8 .27 
10.5 .56 
7.2 10.44 
7.9 56 . 80 
8 .3 1.43 
4.S . 20 
88.2 9.70 
81.8 1. 23 
65.0 5. 52 
93 . 1 5.21 
36.8 1. 03 
37 . 8 1.10 
26 . 3 1. 50 
1.9 .84 
69 . 8 2.93 
79.1 13 .45 
88.6 3.01 
37.2 . 86 
96 . 1 I. 35 
5.4 1.68 
12.4 2.46 
12 . 1 3.58 
12.3 1.44 
14.2 .68 
11.3 .17 
47.6 2.14 
38.0 1.67 
5.7 1.94 
17 . 7 1.72 
22.7 .86 
15.5 2 . 11 
185.7 24.51 
315 . 7 6.63 
2.26 
Total Value of Commodities ____________________________________________ __________ $348.23 
Rent Value of Dwelling House (Average Value $1,307) ________ _________________ _____ 131. 00 
Total Value of House Rent and Commodities __________________ _____________________ 479.23 
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The Economic Use of Power, Labor, and Machinery in Crop 
Production (B. H. Frame). Labor records secured in previous 
years from Atchison, Bates, Carroll, Linn, Saline, and Vernon 
counties were used for this study. The following tables show the 
time required for mowing hay, raking hay, plowing land, and cut-
ting small grain using various power units. 
TABLE 3.-TIME REQUIRED TO Mow HAY. USING 2-HoRSE MOWERS 
Average Acres per 
Average Ti me lO-Hour Day 
Number of Number of Required per 
County and Year Records Acres Acre (Hours) Per Man Per Horse 
Atchison County 1931. ___ 61 2004 1.00 10.00 5.00 
Bates County 1929 ____ 74 1431 1.04 9.62 4.81 
Carroll County 1929" ___ 63 1504 0.91 10.99 5.50 
Linn County 1930 ____ 68 2830 1. 03 9.71 4 .86 
Saline County 1929 ____ 58 1820 0 .90 11.11 5.56 
Vernon County 1929 ____ 34 628 0.94 10.64 5 . 32 
All Records _______________ 368 10,428 0.98 10.20 5.10 
TABLE 4.- TIME REQUIRED TO RAKE HAY INTO WINDROW. USING 2-HoRSE 
RAKES. 
Average Acres per 
Average Time 10-Hour Day 
County and Year 
Number of Number of Required per 
Records Acres Acre (Hours) Per Man Per Horse 
Atchison County 1931. ___ 65 1978 0.45 22.2 11. 10 
Bates County 1929 ____ 71 1830 0.52 19.2 9.60 
Carroll County 1929 ____ 61 1550 0.56 17 .9 8.95 
Linn County 193o ____ 57 1963 0.54 18 . 5 9.25 
Saline County 1929 ____ 46 1294 0.55 18.2 9.10 
Vernon County 1929 ____ 33 793 0.53 18 .9 9.45 
All Records __________ ____ _ 344 9789 0.52 19.2 9.60 
TABLE S.-TIME REQUIRED TO PLOW LAND USING VARIOUS POWER UNITS 
Average Time 
Average Acres per · 
Number of Number of 
10-Hour Day 
Required per 
All Records Records Acres Acre (Hours) Per Man Per Horse 
2 Horses __________________ 15 375 Y, 5 . 60 1. 79 0.90 3 Horses __________________ 111 3226 3.49 2.87 0.96 4 Horses __________________ 174 6144 2.48 4 . 03 1. 01 5 Horses _____________ _____ 44 1771 Y, 1.92 5.21 1.04 6 Horses _________________ _ 12 588 2.24 4.46 0.74 10-20 Tractor ______________ 147 8995 1.24 8.06 15-30 Tractor ______________ 44 2464 0.93 10 .75 20-30 Tractor ______________ 22 1712 0.85 11.76 
TABLE 6.-TIME REQUIRED TO CUT SMALL GRAIN IN SEVERAL MISSOURI 
COUNTIES USING VARIOUS POWER UNITS 
Number of 
Average Ti me Average Acres per la-Hour Day 
Number of Required Per 
AU Records Records Acres Acre (Hours) Per Man Per Tractor Per Horse 
3 Horses ______ 13 334 0.77 13.0 4.33 4 Horses ______ 126 4551 0.70 14.3 23~8 3.58 10-20 Tractor_ 62 4705 0.73 13.7 
15-30 Tractor_ 13 1041 0.68 14.7 19.4 
20-30 Tractor_ 5 665 0.55 18.2 35.8 
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Livestock Marketing and Prices (F. L. Thomsen, Herman M. 
Haag). The records of hog marketings by 13,672 hog-corn contract 
signers located in 49 counties of Missouri have been analyzed. The 
results of this study are reported in Missouri Agricultural Experi-
ment Station Bulletin 352. 
AGRICULTURAL ENGINEERING 
]. C. WOOLEY, Chairman 
Efficiency of Tillage Methods for Growing Corn (M. J\tL Jones, 
G. W. Giles, Paul Doll). The amount of power necessary for dif-
ferent methods of seed bed preparation and for different methods of 
cultivation of corn have been determined. The yield of corn and the 
cost of the corn production also have been determined. The soil 
was a Putnam silt loam and a two-year rotation of corn and oats 
with lespedeza was used. The efficiency of the variotis methods 
used is expressed in horsepower hours per bushel of grain pro-
duced. There was no great difference in the power per acre required 
for the different methods. Disking, plowing (spring), disking and 
harrowing, gave the highest yields. Another method, plowing 
(spring), disking, harrowing, disking, gave almost as high yield 
with a somewhat smaller expel~diture of work. In this particular 
year spring plowing produced better results than fall plowing. 
In the cultivation studies there were no significant differences 
in yield for the various methods of cultivation and consequently 
the most efficient methods 'Were those that required the lower 
amounts of work. Perhaps the reason the differences were so 
small was the abnormal growing season. The early part of the 
season during seed bed preparation and planting was wet and late, 
followed by abnormally dry weather during the growing and 
cultivating season. 
Some trouble was experienced with chinch bugs and the 
infestation was not uniform over the different plots.' This had some 
influence on the yields of the different plots. The plots with two 
shovel cultivations proved to be the most efficient (.43 H. P. hours 
per bushel) followed by the plot having one rotary hoeing at 4Yz 
miles per hour and two shovel cultivations, (.49 H. P. hours per 
bushel). The plot cultivated by two rotary hoeings at 4% miles 
per hour and two sweep cultivations required the most power, (.66 
H. P. hours per bushel). 
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Housing Laying Hens (J. C. Wooley). Two poultry houses 
have been compared in this investigation: one, an experimental 
insulated 20x20 double deck house with controlled ventilation; and 
the other, a standard 20x20 Missouri single deck, straw 10ft, open 
front house. 
Some variation in temperature is allowable and even may be 
beneficial, but extremes of high and low temperatures are not desir-
able. Freezing temperatures cause difficulty with watering and 
feeding wet wash. Temperatures above 85 degrees do not permit 
maximum growth or egg production. The experimental house 
showed a material decrease in average variation. This improve-
ment was accomplished by insulation, by an increase in the number 
of hens per house due to the double deck, and by controlled ven-
tilation. Summer temperatures were as important in the housing 
problem as those of winter. In the experimental house two pens 
were started with forty hens each and two with sixty hens each. 
The production per hen did not differ greatly in the different pens. 
The mortality was much greater in the 50-hen pen. This indicated 
that approximately three square feet of floor space per hen was 
necessary. The air space per hen was satisfactory with from three 
to' five air changes per hour through the ventilation system. The 
amount of air change needed to keep the house dry varied with 
difference in temperature between the inside and outside, with the 
relative humidity outside and the desired relative humidity inside, 
and with the amount of moisture being produced. Since the humidity 
of cold air is low and the moisture produced by a hen is low i,t seems 
reasonable to restrict ventilation in colder weather. However, there 
are some objections to the control of air movement by temperature. 
The temperature may be low and excessive moisture may be built up 
producing bad conditions when circulation again is resumed. Con-
trol 0.£ ventilation by relative humidity seems to be a better arrange-
ment. 
Data have been collected that show a close relationship between 
production and temperature and some relationship to the fluctuation 
in temperature. 
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Comparative Feeding Values of Legume Hays for Wintering 
Native Calves CE. A. Trowbridge, J. E. Comfort, M. M. Hazen). 
This project is in cooperation with Sni-A-Bar Farms and the United 
States Department of Agriculture. Alfalfa, soybean, and lespedeza 
hays for wintering steer calves have been compared for three years. 
Three lots of 10 high grade Shorthorn steer calves were fed during 
the winter a limited grain ration and all the hay they would eat . 
Fig. 4.-Group of calvt!s fed soybean hay. 
The grain ration was composed of 12 parts shelled corn and 1 part 
cotton eed meal, and the average ration over the period of three 
years was 5.5 pounds per day. Alfalfa, soybean, and Korean les· , 
pedeza hays were fed to the respective lot . During mid-winter 
the calves were fed 3.1 3 pounds daily of Atlas sorgo s ilage for 75 
days. The calves receiving 8.64 pound of alfalfa hay daily gained 
1.93 pounds. Those receiving 8.52 pound of soybean hay daily 
gained 1.78 pounds. Those receiving 7.65 pounds of Korean les-
pedeza hay made an average daily gain of 1.69 pounds. Steers fed 
alfalfa hay made lightly more economical gains than those fed 
soybean or lesped za hay. At the clo e of the test the teers in 
all lots were clas ed as fleshy feeders and there was little difference 
in the degree of fini h in th three lots. 
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Creep Feeding Winter Calves (E. A. Trowbridge, J. E . Com-
fort, Marion W. Hazen). Thi project i in cooperation with Sni-A-
Bar Farm and the United States Department of Agriculture. Ten 
teer and heifer calves running with their dam on bluearass pas-
ture were creep fed a grain ration compo ed of 8 parts shelled corn 
and 1 part cotton ecd meal. These calves ate 5.32 pounds of grain 
per day and gained 37 pounds in 196 days. They made very eco-
nomical gains, requiring only 245.1 pounds of corn and 30 .6 pounds 
of cotton eed meal in addition to pa ture and their mothers' milk 
to produce 100 pounds of ga in. The e calves were valued at $1'0.10 
per cwt. at the end of the experiment and returned $49.63 above 
feed co t to pay for the keep of the cow. They were laughtered 
at 12 months of age when they weighed 690 pound. The carcasses 
graded 'good" to "choice." The fat covering was uniform but 
had a creamy colored tinge which po ibly wa due to continuous 
bluegras con umption. 
Cane Molasses as a Substitute for Corn in Rations for Calves 
(E. A . Trowbridge, J. h . Comfort, 11,11. W. Hazen). This project is 
in cooperation with ni-A-Bar Farm and the nited States 
Department of Agriculture. Cane molasses was substituted for 
one-half the corn in a ration for nur ing fall steer calve . These 
10 calve ate 1.56 pounds of molasses, 1.56 pounds of shelled corn 
Fig. 5.- alve fed cane mola es as a substitute for corn. 
BULLETIN 387 21 
and .39 pounds of cottonseed meal per head daily for 168 days. The 
check lot was fed shelled corn and cottonseed meal in the 
proportion of 8 to 1 and both lots were fed alfalfa hay. After the 
first 30 days of the experiment .4 pound of the alfalfa hay was 
chopped and mixed with the grain to serve as a. carrier where the 
molasses was fed. The calves receiving the corn and cottonseed 
meal without molasses gained 79.5 pounds more than the calves that 
were fed molasses. Those receiving molasses did not have 
enough finish at 'weaning time to class as slaughter calves. 
Molasses-Alfalfa Supplement to Grain Ration for Calves CE. 
A. Trowbridge, J. E. Comfort, M. \V. Hazen). This project is in 
cooperation with Sni-A-Bar Farms and the United States Depart-
ment of Agriculture. Tvvo lots of high grade native Shorthorn 
fall steer calves were fed shelled corn and cottonseed meal in the 
proportion of 8 to 1 and alfalfa hay for 168 days. One lot of 10 
steer calves received 1 part of a 15 per cent protein molasses-alfalfa 
supplement in addition to the corn and cottonseed meal. The gains 
made were approximately 1.9 pounds per head daily in each lot 
and little difference in the finish was observed at weaning time. 
The steers receiving the molasses-alfalfa supplement ate 8].8 
pounds more corn and cottonseed meal in addition to 86.9 pounds 
of molasses-alfalfa supplement but consumed 24 pounds less hay 
than the steers without the supplement. After weaning, the calves 
were continued on the same rations in the dry lot for 168 days. 
Both lots ate lOA pounds of grain daily but the steers that did not 
receive the molasses-alfalfa supplement ga·ined 23.9 pounds more 
than those receiving the supplement. 
Beef Produced with Limited Grain and Maximum Roughage 
(E. A. Trowbridge, H. C. Moffett, James E. Comfort). Three lots 
of "medium" grade yearling steers and three 10-ts of similar quality 
two-year-old steers have been fed in various ways to determine the 
most desira·ble method of producing beef of "good" grade with a 
maximum use of roughage and a minimum amount of grain. 
Two-year-old and yearling steers required more grain but 20 
to 30 days less time for the production of "good" carcasses when full 
fed on grain than was required by similar cattle fed half a grain 
ration or cattle fed roughage only for 56 days then full fed grain 
the remainder of the period. Maximum roughage consumption 
occurred in the lots fed roughage only for 56 days and then full fed 
grain for 42 days. 
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Twelve ' to twenty-four bushels of corn were required to 
produce carcasses that grade'd "good" depending upon the method 
of feeding. Silage consumption ranged from less than half a ton 
to approximately 1 * tons depending upon the method of feeding 
and the age of the cattle. 
Approximately the same total gain in weight was required to 
produce comparable carcasses in all lots of two-year-old steers 
and in all lots of yearling steers respectively. 
Approximately 60 per cent more gain in weight was required 
to make "good" slaughter cattle o·f the yearling steers than was 
required to fatten the two-year-olds to a comparable degree. 
Yearlings and two-year-olcls fed roughage ad libitum during 
the early part of the period, then full fed grain until sold, gained 
more rapidly than the comparable lots which were fed one-half 
grain ration the entire period. 
Although the lots were graded on foot as being in about the 
same condition, the physical analysis of beef ribs showed that the 
carcasses of the two-year-olel steers full fed 78 days contained the 
largest amount of fat and those of the yearling steers fed roughage 
for 56 days and then full fed for 70 days contained the least amount 
of fat. 
Cooking losses on prime ribs from the two-year-old s'teers 
ranged from 10.74 to 15.09 per cent with an average loss of 13.23 
per cent. Prime ribs from the lot of yearling steers fed alfalfa hay 
and corn silage with half full feed of grain for 126 days had the 
lowest cooking losses ranging from 7.25 to 11.56 per cent with 
an <l!verage loss of 9.09 per cent. 
Full Feeding Yearling Steers on Pasture and in Dry Lot (L. A. 
Weaver, H . C. Moffett, ]. E. Comfort). Forty-eight head of 
"choice" grade thin Hereford yearling steers weighing approxi-
mately 480 pounds each were full fed a grain ration of 10 parts 
shelled corn and 1 part cottonseed meal. Two lots of these steers 
containing 8 steers each were fed 140 days, one in dry lot and the 
other on bluegrass pasture 84 days and in dry lot 56 days. Four 
lots were fed 182 days, one in dry lot the full period, a second .on 
pasture 84 days and dry lot 98 days, a third on pasture 440 days 
and in dry lot 42 days, a fourth lot 182 days on pasture. Kill-
ing and carcass data were obtained on all lots. 
Steers fed in dry lot the entire period consumed more feed 
and made mOre rapid gains than those fed on pasture for the entire 
period. The greatest difference in feed consumption and rate of 
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gain occurred during the early part of the period. The gains pro-
duced by cattle in dry lot after a period on pasture were more rapid 
than those made by imilar cattle wh ich were fed in dry lot the 
entire period. 
A ll lots of cattle produced "choice" carca ses . Carcasses pro-
duced in dry lot were slightly better fini hed and slightly whiter 
than the other . Cattle fed on g rass the entire period and those 
fed on ly 42 days in dry lot after 140 days on pasture showed notice-
able yellowish pigmentation. However, the carca ses were not 
uffi ciently "off" color to be objectionable. A variation of one 
dollar occurred in the sellin g price ranging from the catotle fed in 
dry lot downward to those fed on pasture for the entire period. 
Fig. 6.-Grade shorthorn heifers on rotation grazi ng pasture. 
A Comparison of Systems of Grazing Bluegrass Pastures (J. E. 
Comfort, ]. M. Poehlman). This project i in cooperation with 
Sni-A-Bar Farms, the Unit d States Department of Agriculture, 
and the Departments of Field Crops and Soils. Three systems of 
grazing (contiuous, rotation, and supplemented) have been com-
pared at Sni-A-Bar Farms for five years. The drought of 1'934 
injured the stand of bluegrass on all experimental pastures. The 
injury was more serious in the continuous and supplemented pas-
tures than in the rotation pasture. While all pastures made a 
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very good recovery during the spring of 1935, the rotation pasture 
was in the best condition early in the season. 
Thirty yearling heifers on 10 acres of Korean lespedeza for 
56 days made a total gain of 1819 pounds. This was the largest 
gain per acre on this field during the five-year period. Heifers on 
bluegrass pastures made a gain of 44.7 pounds per acre during this 
mid-summer period. 
During the first five years of this experiment rotation grazing 
has been most efficient in maintaining the productiveness of the 
bluegrass. Larger live weight gains were made by the cattle dur-
ing the early part of the grazing season. Yearling Shorthorn heifers 
made about 40 per cent of their total gain in weight for the season 
during the first four to six weeks of the season. Cattle gains have 
been increased greatly by supplementing bluegrass with Korean 
lespedeza during the dry mid-summer period. 
Growth in Draft Colts (E. A. Trowbridge, .H. C. Moffett). 
Four purebred Percheron fillies from dams used for work on the 
University Farm were fed what they would eat of a ration consist-
ing of 200 pounds oats, 100 pounds bran, 100 pounds corn, and 50 
pounds linseed oil meal until they were weaned at approximately ~ 
months of age. From weaning time until they were turned on 
grass May 1 they were fed 4 pounds of the same gra'in mixture per 
head daily with the hay that they would consume. Equal parts of 
alfalfa and timothy hay were fed on alternate feeds. During the 
winter season the colts were kept in an open paddock through 
the day and were in the barn during the night. The colts weighed 
an average of 550 pounds and 938 pounds at weaning time and at 
12 months of age respectively, were sound, and in excellent grow-
ing condition. 
So,ybean Oil Meal for Fattening Swine (L. A. Weaver). Two 
tests, one on barley pasture and one in dry lot, were conducted to 
study the value and method of using soybean oil meal as a supple-
ment to corn for fattening hogs. 
In each case hogs fed corn supplemented with a mixture of 
equal parts tankage and soybean oil meal made faster gains than 
similar hogs fed corn supplemented with only tankage or soybean 
oil meal. Tankage alone proved superior to soybean oil meal alone. 
The advantage, however, which both the mixed supplement and 
tankage had over soybean oil meal was greater when fed in dry lot 
than on pasture. 
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There was little difference in the total amount of feed required 
to produce 100 pounds gain with the different supplements. How-
ever, when soybean oil meal was used alone hogs, both on pasture 
and in dry lot, consumed appreciably more supplement (and less 
corn) per unit gain than was the case with tankage alone or a 
mixture of tankage and soybean oil meal. 
Forage Crops for Swine (L. A. Weaver). Six lots of 10 hogs 
each were started on a pasture experiment the summer of 1935, the 
forage used being alfalfa. Owing to the drought the growth of the 
pasture became so inadequate it was necessary to discontinue the 
project. However, during the following winter data were secured 
on winter barley as a hog pasture. 
Fattening hogs weighing approxima:tely 65 pounds at the be-
ginning of the experiment and fed corn and tankage 112 days 
(January 8-April 29) gained at about the same rate, regardless 
of whether they were fed in dry lot or on barley pasture. These 
results were not in accord with those secured the previous year 
when hogs fed corn and tankage on barley pasture gained 20 per 
cent more rapidly and required 19 pounds less corn and 31 pounds 
less tankage for each 100 pounds gain than did similar hogs fed 
corn and tankage in dry lot. 
Swine Management (L. A. Weaver). The necessity of prevent-
ing parasitic infestations in order to produce pork economically 
has been demonstrated. The value of good pasture in this connec-
tion also has been shown. When pasture or other areas on which 
hogs have not been run are not available, the question has been 
raised as to the feasibility of preventing worm infestations by hand-
ling hogs entirely on concrete floors. 
In previous years fat hogs have been produced satisfactorily 
in quarters having concrete Boors. In other words the pigs were 
never on the ground and received no pasture. This year one lot of 
pigs was raised on concrete Boors and compared with similar pigs 
fed on pasture but on which hogs had been handled for a number 
of years. The pigs receiving no green feed were self fed a mineral 
mixture of equal parts ground limestone, bone meal, and salt in 
addition to a ration of yellow corn supplemented with a mixture 
of tankage 3 parts, linseed oil meal 1 part, and alfalfa meal 1 part. 
The corn and mixed supplement were self fed, free choice. During 
a part of the feeding period, excellent a.1falfa pasture was available 
to the pigs fed on forage. During this time they were self fed corn 
and tankage, free choice, as well as the mineral mixture. When the 
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supply of alfalfa pasture became inadequate, due to the dry weather, 
the pigs were moved to lots furnishing less desirable mixed pasture 
and their ration changed to the same as that fed the pigs on con-
crete floors. 
The pigs on concrete floors from birth until ready for market 
made more rapid gains and less feed was required for 100 pounds 
gain than was true of similar hogs full fed as well balanced ration 
on pasture produced in lots on which hogs had been handled for 
several years. 
The Essential Nutrients for Lactating Sows (A. G. Hogan, 
C. E. Murphey). An effort is being made to determine the nutrients 
required by the lactating sow for the successful rearing of her 
litter. The basal ration used is as follows: 
Yellow corn ........................ 77 Common salt ............ .......... 0.8 
Tankage ................................ 10 Ground limestone .............. 0.6 
Linseed oil meal ............. ... 5 Sodium acid phosphate .... 0.55 
Alfalfa meal........................... 5 Ferrous sulfate ... , .............. 0.05 
Cod liver oil ... , .................... 0.8 
The sows have been kept on cement floors continuously and the 
basal ration has proved unsatisfactory for lactating sows. The 
mortality of the pigs was high, many suffered severe diarrhaea, and 
many developed a peculia-r leg weakness. 
During 19.35 the sows consumed the basal ration readily before 
farrowing but later they refused their feed and to avoid complete 
failure 15 per cent of dried skim' milk was incorporated in the ration. 
The neW ration was consumed more readily. 
Individual pigs were selected from each litter and given da·ily 
doses of known vitamin carriers. However, the dams may not 
have secreted enough milk to permit the pigs to grow satisfactorily~ 
even if the vitamins were effective. Haliver oil, tikitiki, and green 
feed juice were of doubtful value. The alcohol soluble part of the 
green feed juice was probably effective. Yeast undoubtedly proved 
effective. 
Two sows were fed freshly cut green forage in a·ddition to the 
basal diet. One of these weaned 7 pigs at a satisfactory weight ancl 
the other had an infected udder. Possibly for that reason she did 
not consume much of the green feed. She weaned 4 pigs at an aver-
age weight 21.7 lbs. 
In the spring of 1936 the same type of investigation with a:-
;arger number of sows, and with more variation in the rations 
'was undertaken. A small amount of manganese was added to aU 
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rations. Even those on the basal ration rea1"ed their pigs with fair 
weaning weights. The mortality was low and there was a minimum 
of abnormalities. 
There are two explanations for these inconsistencies. One is 
the introduction of manganese into the ration. Experience with 
other animals makes it doubtful that this was the determining fac-
tor. The other explanation is the variability in the individual con-
stituents of the ration. The alfalfa meal used in the spring was 
of the same shipment as was used the preceding fall when failures 
occurred. Probably corn was the most important variable. The 
removal :of alfalfa meal in one lot from the basal ration made the 
ration very defective. The symptoms of the pigs in this group that 
died are worthy of note. Casual observation often would indicate 
that the pigs were healthy and doing well, but a few hours later 
one or more might be found lying limp and almost lifeless, usually 
unable to stand. Five hours later the pig would be practically 
dead. Post mortem examination showed enlarged livers, light 
colored, almost white o·ccasionally, and very friable. The kidneys 
were large and light colored, usually splotched with small pin-point 
hemorrhages. 
Rearing Orphan Pigs (A. G. Hogan, C. E. Murphey). The pigs 
from a few sows that failed to secrete any significant quantity of 
milk were reared on cow's milk. They were bottle fed until about 
2 weeks old, and then taught to drink from a crock or trough. If 
handle<i with care pigs are reared easily in this way. The first 
essential is to keep them warm. A second essential is frequent 
feeding while the pigs are young, and the third is cleanliness. 
Three pigs were reared on a simplified diet. The ration was made 
up a's follows: 
Casein _______ . ___ .. ___________ . ____ __________ 30 Dried yeast ___ , ________ __ ____________ 15 . 
Starch ____ __ __________________ . ____ . ____ . ___ .10 Coc! liver oil ______________ __ __________ 2 
Sugar ______ __________________________________ 25 
La rd ____________________________________ __ ____ 13 
Calcium phosphate ______ __ ____ 1.5 
Salt mixture __________ ____ _____ ~ __ __ 3:5 
The ration was mixed with warm water and fed from a bottle. 
The pigs weighed 35.6 pounds at 8 weeks. This was a remarkable 
weight since they pad made a very poor start while sucking their 
dams. The simplified diets adequate for the rat, therefore, seemed 
adequate for swine_ 
Methods of Fat Lamb Production (LA. Weaver, A. J.Dyer, 
C. S. Williams). There are many important advantages in produc.:.. 
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iug early spring lambs. However, as efficient methods of controlling 
parasites are developed and put into practice, the production of late 
lambs may fit the farm management plans of many corn belt pro-
ducers. Conditions often arise which result in farmers having on 
hand late lambs which are not heavy or fat enough to be sold at 
the time early lambs are being marketed. The problem of getting 
such Iambs ready for market is of importance. 
There are at least three methods which may be considered 
practical in fattening late lambs: (1) grain and hay in dry lot; 
(2) grain on pa'sture, and (3) pasture alone for a period, if the 
pasture is good, and finished later by feeding grain and hay in dry 
lot. These methods have been compared using grade native wether 
and ewe lambs. The grain ration fed consisted of No.2 shelled 
yellow corn 10 parts, cottonseed cake (43 per cent protein) 1 part, 
by weight. The hay was a good grade of alfalfa grown locally. 
Korean lespedeza pasture was grazed from the beginning of the 
experiment until winter barley pasture was available. Table 7 
gives the results of fattening late native lambs. 
TABLE 7.-FAITENING LATE NATIVE LAMBS. (AVG.2 YEARS RESULTS 1934-35). 
Lot 
Ration 
Initial Wt. __________ _________ _ 
Final Wt. _____ _______________ _ 
Daily gain ___________________ _ 
Daily ration; Shelled Corn _____ _ C. S. Cake ________ " __________ _ 
Alfalfa Hay __________________ _ 
Feed consumed per 100 lb •. gain: Corn ____________________ _ 
C. S. Cake ___________________ _ 
Alfalfa Hay __________________ _ 
Corn 10; 
C. S. C. 1; 
AI£. Hay; 
(Dry Lot) 
77 Days 
62.3 
9B.5 
.47 
1.38 
.13 
1.66 
296 
29 
360 
II 
Corn 10; 
C. S. C. 1; 
Pasture 
77 Days 
62.7 
86 . 9 
.32 
1.00 
.10 
323 
33 
III 
Pasture 
77 Days 
62.1 
80 ,2 
.24 
IV 
139 Days 
Pasture 
99 Days 
62.4 
85 . 8 
.23 
Corn 10; 
C. S. C. 1; 
Alf. Hay 
(Dry Lot) 
40 Days 
85.8 
lOB. 1 
.57 
.161 
.16 
2.24 
295 
29 
397 
These data indicate th<lJt late native lambs may be produced 
profitably. The particular method which will give best results 
depends upon a number of factors including the weight and con-
dition of the lambs, the time it is planned to market, and the feeds 
available. 
Estrus and Ovulation in the Ewe (F. F. McKenzie, C. E. Ter-
rill). Observations have been made on estrus and ovulation in 
purebred ewes of the Hampshire, Shropshire, and So-uthdown 
breeds and on grade ewes of the Hampshire,Shropshire, and Ram-
botiillet breeds. 
BULLETIN 387 29 
The breeding season began the last of August and early Sep-
tember with the Hampshires and continued to late January 
(through to May in some cases) ; the Shropshires came into sea'son 
the latter half of September; and the Southdowns were interme-
diate. The season consisted of eight "heat" periods per ewe on the 
average. 
The estrual period ranged fr0111 3 to 73 hours with an average 
of 29.3 hours. 
The estrual cycles were within the range of 14 to 19 days in 
length, a mean of 16.72 days. Unusually long or short cycles were 
usually accompanied by (1) ovulation without estrus; (2) failure 
of ovulation and luteinization; or (3) prenatal death o~ the embryo. 
A total of 219 laparotomies were performed on ewes. The 
process of ovulation has been studied in detail. It occurred n~ar 
the end of estrus in most cases, though it was observed to haye 
taken place some time before the end and also several hours ~fter 
estrus. 
Various hormone preparations have been used to induce estrus 
and ovulation in the ewe both during and out of the breeding 
season. The preparations must be purified to a greater extent 
before consistent results may be expected. 
If the ovary containing the only ripe follicle(s) was removed 
from a ewe that was in heat she ovulated again in 2 to 4 days and 
sometimes exhibited estrus. Likewise, if the ovary containing the 
only fresh corpus luteum was removed the ewe ovulated in 2.4 days 
and sometimes came into heat. Spayed ewes were brought into 
heat by repeated injections of the estrus-producing hormone 
(Progynon-B) and their behavior, surprisingly, was like that of a 
ram in their attitude toward other ewes. 
Seasonal Variation in the Fertility of Rams (F. F. McKenzie, 
V. Berliner). The fertility of the Shropshire group dropped mark-
edly to the low level of the year during July, August, an4 Septem-
ber. Recovery came in October, with the high level of breeding 
activity and fertility lasting from November through January. 
From February to mid-April sex desire was low. 11)., May ~'ndJune 
activity was appreciably higher but not as good as ,in the late fall 
months. , 
In the Hampshires observed the same trel1ds were, evident, 
but with these individuals the low fertility se,ason was never' as 
low as with the Shropshires, and they reached a high leveL a month 
earlier in the fall. Individuals varied greatly. 
; ; " 
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The Adrenal Gland of the Ewe in Relation to the Estrual 
Cycle and Pregnancy (F. F. McKenzie, Laura J. Nahm) . Apparent-
ly there is a functional rel3itionship between the adrenal cortex 
and the female reproductive cycle. Cortical cells of the adrenal 
gland of the ewe showed marked changes during the estrual cycle 
and pregnancy. The proportion of "dark" cells and of fatty mate-
rial was great during early estrus, early pregnancy, and late preg-
nancy. The number of chondriosomes was high during early estrus 
and from the 60th to the 136th days of pregnancy. 
The Pituitary of the Ewe in Relation to Reproduction (F. F. 
McKenzie, Virgene Warbritton). Pituitary glands from 60 animals 
slaughtered at known intervals after the beginning of their last 
estrus have been studied. An unusual complexity of cell types led 
to the utilization of numerous methods of fixation and staining. 
Nine morphologically different types of cells have been identified 
in contrast to the three to five types usually reported. Transitional 
stages between some of these types of cells suggested that there 
were only six fundamentally and functionally different kinds. Of 
these six types, two showed variations in different pituitaries that 
could be correlated with the phases of reproduction in which the 
animals were slaughtered. These differences can be interpreted as 
a gain or loss of granules in one type of cell, and as a change in 
size as well as in granulation in the other. The loss of granules 
in the most abundant type of cell in the pituitary preceded by a 
short time the ovarian changes which (in small experimental ani-
mals) are attributed to the presence of follicle stimulating hormone. 
The changes in the other type of cell precede by only a few hours 
ovaTian changes attributed to luteinizing substances. 
It is particularly significant that two kinds of cells have been 
identified that seem likely to be correlated with the production 
of the two gonad-stimulating hormones of the pituitary. 
The Sexual Cycle and Time of Breeding in Mares (E. A. Trow-
bridge, H. C. Moffett). Six Percheron mares came in heat from 5 to 
8 days after foaling. The average time was 6.33 days. The "foal 
heat" lasted from 4 days in one case to 11 days in another. The 
average "foal heat" period was 8.16 days . 
. Observed heat periods inclusive of "foal heat" period varied 
from 2 days in one case to 40 days in another. The 40 days "heat 
period" occurred)n the case of a mare having an enlarged ovary, 
which later appeared to be of normal size and at which time her 
heat period became much short'erin duration. One mare showed 
BULLETIN 387 31 
evidence of heat daily for a year. Veterinary examinations showed 
much enlarged ovaries in her case. A two-year-old filly had a first 
"heat period" of 38 days. 
Eliminating these three cases which may be regarded as 
abnormal, the average of 2·5 "heat periods" observed in 11 mares 
during the year was 8.9 days. The time between heat periods 
varied from 7 to 19 days, averaging 1.2.5 days. 
The sexual cycle was found to be 21.4 days. The practice was 
followed of mating mares with the stallion every second or third clay 
as long as the heat period continued. By this practice 8 of the 
9 mares studied became pregnant. The mare vvhich was C011-
stantly in "heat" did not conceive. 
BOTANY 
W. J. ROBBINS, Chairman 
Morpholigic and Physiologic Studies on the Genus Phytoph-
thora (C. M. Tucker). Among the more important specimens re-
ceived for identification, verification, and addition to the culture 
collection were isolations of P. cryptogea from Aster sp. and Gerbera 
sp. in California; P. drechsleri from Cucumis melD var. inodorata in 
California; P. parasitica nicotianae from Nicotiana tabacum in Japan; 
P. citrophthora from Citrus sp. in South Africa and Italy; P. mega-
sperma from artichoke, rutabaga. cabbage, swiss chard, and Vicia. 
faba in California; P. parasitica from Lycopersicum esc1tlentum in 
Italy; P. cambivora from Castanea sp. in Italy. 
New records of the genus for Missouri include P. parasitica as 
the cause of rotting of the roots and stems of young tomato plants 
in greenhouses. An unidentified species was isolated from brown 
perianth segments of Lilium elegans. Isolations of P. cactorum were 
received from the Bureau of Plant Inelustry; they were obtained 
from seeel beds at Elsberry where seedlings of Caragana arborescens, 
Colutea arborescen.r, and Nyssa sylvatica were infected severely dur-
ing the wet weather of May, loa5. 
Eighty-one isolations were received during the year. 
Fusarium Wilt of Tomato (C. M. Tucker. G. W. Bohn). Dnr-
ing 1934 seeds were secured from selfeel fruits of tomato plants 
resistant to infection. Selections were made from Louisiana Pink, 
Break O'Day, Marglobe, Pritchard, Norton, and Bonny Best. These 
were tested for resistance by planting the seeds in infected soil in 
the greenhouse. Seeds of the commercial lots from which the 
32 MISSOURI AGRICULTURAL EXPERIMENT STATION 
selections were made were p lanted as checks. None of the progenies 
from selected resistant plants proved conspicuously more res istant 
than plants from the parent seed stock. 
Tests of tomatoes and related species in the greenhouse indi-
cated that F. lycopersici was non-pathogenic to species of Solanum 
and Phy aliso All accessions of L. esculentum were suscept ible. 
Fig. 7.-Fusarium wilt plots. Row 21-selected from a resistant Norton plant. Row 22-
The immune strain of L Pimpinellifolium. Row 23-Illinois Pride . ote the healthy growth 
and absence of missing plants in Row 22. 
The majority of the accessions of L. pimpinelifolium proved highly 
u ceptible. However, one was fairly re istant and another proved 
immune to infection by the 5 isolations u ed in the experiment. This 
acce ion showed no va cular di coloration such as commonly oc-
curred in re istant and tolerant plants which may not develop 
symptoms of wi lt. The environmental factors resulted in severe 
infection and killing of Break O'Day (61 per cent), Stone (90 per 
cent) Illinoi~ Pride (46 per cent), and Bonny Best (91 per cent). 
The percentages of healthy plants in field experiments were as 
follows: Bonny Best 3.8 per cent; Marglobe 41".0 per cent; Break 
O'Day 49. per cent; Pritchard 28.0 per cent; Louisiana Pink 38.1 
per cent; Norton 42. per cent; I11inoi Pride 50 .0 per cent . 
. The immune strain of L. pimpinellifolium remain d healthy. 
Fir t generation hybrid between the immune train and Bonny 
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Best proved immune in greenhouse tests in the fall of 1935, while 
two lots of Bonny Best survived the experiment to the extent of 
38 per cent and 23 per cent. These results indicated that the immu-
nity was due to dominant factors. 
Root Rot of Corn (C. M. Tucker, C. G. Schmitt). Inoculation 
of field plots were made with Pythium arrhenomanes which was 
isolated occasionally from infected roots. The inoculations were 
made in a soil of medium fertility with and without the additi0n of 
fertilizer elements and other chemicals to alter the soil reaction. 
There was no evidence that P. arrkenomanes was pathogenic to the 
rna turing plants. There were no significant differences in yields 
or in the breaking strength of the roots of plants grown in the 
inoculated and check plots. 
A systematic study of the microflora of corn roots from the 
seedling stage to maturity is being made. Isolations are made at 
frequent intervals from plants growing in several types of soil and 
the pathogenicity of the isolations is being tested. 
The Control of Smuts of Small Grains (C. M. Tucker, J. J. 
White). The effects of seed treatment on smut control and yield 
have been studied on samples of barley collected from 11 commer-
cial seed growers. There was a marked increase over 1935 in the 
amount of brown loose smut but a decrease in the amount of covered 
and black loose smuts. 
The small amount of smuts controllable by chemical treat-
ments made possible a study of the effects of treatment on yields 
apart from smut losses. The incre'ase in yield resulting from the 
use of Ceres an was significant as was also the decreased yield 
following the formaldehyde soak treatment. The hot water treat-
ment reduced germination about one quarter but caused a reduction 
of one-half in yield. Certified seed lots of Missouri Early Beardless 
and Kentucky No.1 were used to determine the effect of a larger 
number of seed treatments 011 yield. The Missouri Early Beardless 
yields were reduced significantly by the copper carbonate, zinc 
oxide, formaldehyde, and hot water treatments, The yields of 
Kentucky No.1 were reduced by the Corona dust, Cuprocide, basic 
copper sulphate, and hot water treatments. Kentucky No.1 was 
more resistant to injury by hot water than Missouri Early Beard-
less. The use of Ceresan with seed of excellent quality did not re-
sult in the increased yields obtained in the experiment with seed 
samples collected from farmers. 
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The organisms most frequently isolated fr0111 barley seeds ,vere 
Alternaria sp., Fusarium sp., Gibberella sa1lbinetii a ncl H elminthos-
pori1tm sativum. Seedling inoculations indicated that only the latter 
2 species were virulent pathogens. 
Powdery mildew (Erysiphe gramini.r) was unusually prevalent 
in barley. Missomi Early Beardless vvas much more susceptible 
than Kentucky No. l. 
Certified Columbia oats with little smut infection was treated 
and ·planted in 2 series at the rates of G and 10 pecks per acre. 
There were 20 plots of each distributed at random in each series. 
Oats yields were reduced by the drought, but the results "\\'ere 
significant. Ceresan caused significant increases in yields. The 
formaldehyde soak treatments also caused increases in yields. al-
though in other seasons this treatment resulted in decreases . There 
were no check plots of seed soaked in water and these increases 
may have resulted from stimulus to germination by soaking. The 
formaldehyde spray treatments resulted in approximately the 
same yields and were not significantly different from the checks. 
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DAIRY HUSBANDRY 
A. C. RAGSDALE, Chairman 
Growth and Development 
Studies in growth and development are made under the direc-
tion of a special committee on grovvth, consisting' of members of 
the staHs of the Departments of Agricultural Chemistry, Animal 
Husbandry, Dairy Husbandry, and Poultry Husbandry. 
Growth and Development of Dairy Calves Fed Only Alfalfa 
Hay and Milk CA. C. Ragsdale, H. A. Herman). A group of five 
Holstein heifer calves is being raised on a diet of whole and skim-
milk (a: maximum of 20 pounds daily) and alfalfa hay ad libitum. 
Skim milk has been fed until the calves were 9 months of age. Body 
weights and measures have been taken at monthly intervals. 
The five calves on this experiment ranged from 8 to 16 months 
of age. The average birth weig'ht was 84 pounds. At six months of 
age the calves averaged 292 pounds in weight and were 38.4 inches 
tall at the withers. The Missouri Grov·.rth Standard for normal 
dairy calves of the Holstein breed at this age is 355 pounds live 
weight and 39.7 inches tall at the withers. On this basis the calves 
were 18 per cent below normal in weight and 3 per cent below nor-
mal in height of withers. At 12 months of age the calves weighed 
479 pounds and were 44.4 inches tall at the withers. They were, 
at this age, 18 per cent below normal in \veight and 2 per cent 
below normal in height at withers. They were very thrifty in 
appearance. At one year of age they were consuming alfalfa in 
amounts closely approximating the average intake in dry matter of 
calves fed grain and roughage. 
Rapid Growth in Dairy Calves CA. C. Ragsdale, H. A. Her-
man). An eHort has been made to determine the effect of the most 
rapid growth possible on the economy of growth, rapidity of de-
velopment , efficiency of growth, age at sexual maturity, longevity, 
health, milk production, and energy and nitrogen metabolism. 
Holstein calves were fed on a diet designed to furnish an abundance 
of nutrients and vitamins. Only normal, purebred Holstein females 
\vere used. They \vere weighed and measured at birth and allowed 
to remain with their dams for 3 to 4 days. 'rhey then were fed 
wholemilk, bucket method, on the basis of 1 pound of wholemilk 
daily per 10 pounds of live ,veight. This level of wholemilk feeding 
continued until the calves were receiving a maximum of 20 pounds 
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of wholemilk daily. As soon as they \'lould eat other foods than 
milk they received the following ration, ad libitum: 
Ground alfalfa hay .................................... :35 pounds 
Yellow corn meal ............................... " .... 14 pounds 
Wheat germ meal ...................................... 10 pounds 
Wheat bran ........................................... "'" 5 pounds 
Linseed oil meal (0. P.) " ....... """""""" 5 pounds 
Dried skimmilk powder.. .......................... 14 pounds 
Soluble blood flour '.""""'0.""""""'·".'" 5 pounds 
Dried yeast """".,""""",""""."""""'.""'" l) pounds 
Irradiated yeast ""."'.""".""""."""""""" 1 pound 
Salt ................ , ............ " ....................... ' .... , ..... 1 pound 
Steamed bone meal .................................... 1 pound 
Potassium iodide ........ (5 grams per 1 pound salt) 
There are four calves on this experiment at the present time 
but it has not progressed sufficiently far to draw any conclusions. 
Growth, Blood Picture, and Related Physiological Phenomena 
in Calves Fed on an Exclusive Milk Diet Supplemented only by 
Minerals and Cod Liver Oil (A. C. Ragsdale, H. A. Herman, S. 
Brody). Efforts to raise dairy calves on a diet of milk only have 
not been successful. Rats, however, have been raised for several 
generations on milk plus cod liver oil and mineral supplements. 
Several investigators have found the addition of copper and iron 
salts plus cod liver oil prolongs the life of dairy calves fed on a 
sole milk diet. However, these measures have been unsuccessul 
in rearing calves to ma:turity. In order to determine the reason 
for this the following work has been started. 
Three groups of purebred or high grade Holstein female calves 
have been selected and placed on diets as follows: 
Group I (3 animals) Fed exclusively on wholemilk. 
Group II (5 animals) Fed wholemilk plus iron pyrophosphate, 
copper sulphate, manganese sulphate, and cod liver oil 
Group III (5 animals) Controls. These animals were fed grain, 
hay, and milk. Wholemilk was fed the first three to four \'leeks of 
age and thereafter replaced by skim milk which was fed until the 
animals were about 6 months of age. 
The blood picture also was studied in one other lot of five 
calves fed only milk and alfalfa hay. 
The three calves 011 the sole milk diet developed normally and 
made very rapid growth up to 6 months of age. At this age they 
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were above normal in weight and height at withers. Two failed to 
gain after about 8 months of age and declined until death at 11 to 12 
months of age. The third calf in this group proved to be very in-
genious in getting straw, bits of ha:ir, dirt, and feces into her muzzle 
and survived for nearly 18 months, weighing a maximum of 755 
pounds at one year of age or 123 pounds above normal. When 
every possibility for her to obtain foreign material was removed 
she stopped gaining but maintained her weight until death. All 
three calves developed anemia in the later stages. The blood 
calcium, phosphorus, magnesium, and manganese values were 
norma-!. All developed a dull, listless appearance, lacked bright-
ness of eye, and were rough of coat. 
In Group II, fed ,'\'holemilk plus mineral salts and cod liver 
oil, the early growth was phenomenal. At six months of age the 
group averaged 431 pounds liveweight or 76 pounds (21 per cent) 
above normal and the height at withers was 10 per cent higher than 
standard. T 'he calves continued to gain and remained about normal 
in weight until all died at 11 to 14 months of age. 
The blood picture was found to be normal throughout the 
experiment. These calves, unlike those in Group I , did not develop 
anemia. The hemoglobin value shortly before death in a:11 cases, 
was normal. The erythrocyte count also was normal. The blood 
calcium, phosphorus, magnesium, and manganese values were 
normal. A post mortem examination showed in most cases an en-
larged thymus, degeneration of the heart muscles, some inflamma-
tion of the lungs, and in many cases a chronic enteritis or gastritis. 
In several cases active or healed ulcers \vere found in the abomasum 
and also in the omasum. 
The calves in Group III developed normally as to body weight 
and height at withers. They showed an average hemoglobin value 
of 10 to 12 mg. per 100 c.c. blood throughout the experiment. The 
red count ranged from 6 to 9 million per cubic mm. blood. 
Why calves can not be raised on a whole milk diet plus min-
eral and vitamin supplements on which rats will grow, yet can 
not be explained. 
Comparative Value of Korean Lespedeza, Soybean, and Alfalfa 
Hay for Milk Production (A. C. Ragsdale, H. A. Herman). Four 
groups 0.£ 8 cows each were used in a feeding trial to determine the 
difference in value of high quality Korea:n lespedeza, soybean hay, 
and alfalfa hay The groups were selected carefully so as to be 
approximately equal in weight, days in lactation, and average daily 
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production. The animals were paired and each pair fed exactly 
the same amount of hay, grain. and silage. the only difference being 
in the kind of hay feel. Each milking of each co\v- was weighed and 
sampled. 
The lespedeza hay proved to be the least palatable of the 
three. Alfalfa' hay was the most palatable. The cows fed lcspedeza 
and soybean hay produced almost as much milk as the groups fed 
alfalfa. There were little changes in the live 'weight of the cows 
during the trial. In the soybean-alfalfa comparison. the soybean 
group produced 96 per cent as much milk as the aHalfa group. 
Energetic Efficiency and Monetary Profit in Milk Production 
CA. C. Ragsdale, S. Brody, R. S. Cunningham). An intensive study 
of the relations between milk production. feed consumption, and 
live \veights of nearly ;300 mature dairy cattle representing prac-
tically all breeds and ranges of productiveness has led to the follow-
ing conclusions. The gross energetic efficiency of milk production 
averaged between 25 per cent and :35 per cent. The net energetic 
efficiency of milk production, that is, the energetic effiCiency of the 
mammary gland as a machine for converting total digestible nutri-
ents to milk, not including the cost of maintaining the rest of the 
body, has been found to be about 60 per cent. The maximum 
encountered estimated gross energetic efficiency has been fonnd 
to be 47.5 per cent for the 700-pound champion Jersey cow Stone-
hurst Patrician's Lily, that produced 23,D c1G pounds of 4 per cent 
milk per year. The 1700-pound Holstein champion Carnation 
Ormsby Butter King Daisy, produced ;~.6,4')' G pounds of 4 per cent 
milk for a year at an estimated energetic efficiency of 4:3.3 per cent. 
While energetic efficiency and profit per unit live weight were 
estimated to be greater in the 700-pound Jersey champion than in 
the HOO-pound Holstein champion. the profit per cow was much 
greater for the 1700-pound Holstein than the 700-pouncl Jersey. It 
is probable that not over one-half of the dietary total digestible 
nutrients can be converted. to milk. The COllVel"sion of one-thircl 
total digestible nutrients to milk is a high average while the con-
version of one-half total digestible nutrients to milk is probably 
near the biologic maximum. 
If conditions other than size \vere the same: energetic efficiency 
tended to be the same in large and small cows; monetary profits per 
cow tended to increase with increasing size of cow; profit pe1' cow 
tended to increase with increasing size of cow; profit per unit live 
weight tended to decrease with increasing size of cow; and if profit 
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is defined as being the difference between monetary income from 
milk and monetary expenditure for feed, profit per unit milk was 
the same in large ,md small cows. Estimates of gross energetic 
efficiency and monetary profit per cow. per unit Ii \'e weight, and 
per unit milk production can be made easily and quickly by use 
of alignment charts. lVfilk production, feec! consumption. energy 
needs, and protein needs increased with a fractional power 0[, 
and not directly with, body weight. 
Diurnal Variations in Heat Production and Muscular Activity 
of Rats (S. Brody, Virgil Herring). Interesting results have been 
obtained fru111 studying diurnal variations in heat production and 
muscular activity of rats fed a maintenance ration at ;3-hour inter-
vals. Previous investigations on the energy cost of gestation and 
lactation in rab gave some rather unexpected results. The re-
search on Diurnal variation led to the conclusion that rats fed ael 
libitum, or once or twice a cby, have striking diurnal variations in 
energy metabolism. muscular activity, insensible loss, and respira-
tory CJuotients (activity and metabolism were lowest between Ci 
A. M. to 12 A. M. and highest between G P .1\1. to 12 P. M.). ]-{O\V-
ever, if the same rats were feel their maintenance ration equally 
divided at ;3-honr intervals in the course of [) days they lost this 
striking diurnal variation. The diurnal variations in metabolism ancl 
muscular activity were clue therefore to diurnal variatiol1s in fooel 
consumption. There \\'as no indication as to the cause of the diurnal 
variatic)!ls in food consumption. 
Respiratory Quotients in Dairy Cattle (S. Brody, Lloyd \Vash-
burn). In the studies concerning the respiratory quotient levels in 
lactating clairy cattle in full flow of milk it was fOllnd that about 
0.8 per cent of the expired air was combustible. This combustible 
gas was apparently almost entirely methane and accounted for oV(:1" 
;3000 kilo-calories of the total energy intake of the CO\\'. In othet 
·words. about 10 per cent of the expired CO2 had its origin not in 
metabolism of the body but in fermentation process in the rumen 
and about 10 per cent of the gross energy of the feec! was lost by 
fermentation without benefit to the cows. 
These preliminary results are tentative. There was an indica-
tion that the respiratory quotient declined with extreme rapidity 
after feeding-with much greater rapidity than would be expected 
from the decline in energy metabolism following feeding. The res-
piratory quotient if corrected for carbon dioxide of fermentation 
showed less fluctuation and seemed to remain fairly constant at the 
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extremely low level of approximately 0.60. This unusual respira-
tory quotient level was comparable to that found in human diabets. 
From this it appears that the dairy cow shows normally what is 
usually considered in humans a faulty metabolism of fat, or of 
conversion of fat to sugar, or a combination of both. These results 
are in line with reports that acetone bodies have been found in 
large amounts in the blood and urine of normal ruminants. 
While investigating the relation between the rumen-fermenta-
tion CO2 and the metabolic CO2 some of the other fermentation 
products in the rumen were determined. Some of the most striking 
products were fatty acids. 
Milk Secretion 
The Effect of Udder Irrigation and Milking Interval on Milk 
Secretion (C. W. Turner, E. R. Gar·rison). The changes in milk 
secretion observed following irrigation of the udder were a decrease 
in milk yield, a decrease in lactose content, and an increase in 
chlorine, fat, protein, catalase, leucocytes, and pH of the milk for 
several subsequent milkings. The maximum effect occurred at the 
first or second milking following injection. 'There was a slow return 
to normal which was not reached for certain constituents until 
about the fifth or sixth day. 
The inj ection of 750 ml. of distilled water into 25 quarters of 
seven lactating cows had less effect on milk secretion than the 
injection of a similar volume of a solution containing 0.12 per cent 
sodium chloride and 3.5 per cent lactose into the same quarters. 
The distilled water was less detrimental to milk secretion than any 
of the chloride solutions studied and the injurious effect of such 
solutions increased with the concentration of the solute. Calcium 
chloride solutions in the concentrations used were more detrimental 
to milk secretion than sodium chloride solutions of similar percent-
ages. 
Comparison of various concentrations of lactose solutions, two 
to nine per cent, with distilled water again showed that distilled 
water was less injurious than lactose and that the injurious effects 
on milk secretion increased with the concentration of lactose in 
the solution injected. 
The irrigation of the udder with paraffin oil caused as much 
disturbance to milk secretion as the introduction of distilled water 
but recovery occurred much more slowly following the oil injec-
tion. 
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The introduction of oxygen into the udder at pressures equal 
to 20 mm. and 40 mm. mercury for 12 hours affected the yield and 
composition of milk similar to the injection of liquids, indicating 
that gas pressure as well as hydrostatic and osmotic pressure 
affected the secretion of the mammary gland. 
Suspended milking for 24 hours had a noticeable effect on the 
yield and composition of milk for three or four days afterward 
but did not produce nearly as much disturbance as the injection of 
distilled water or the return of milk to the udder. 
Milk secretion was practically inhibited when the milking 
interval exceeded 16 hours and the composition of the milk became 
altered slightly when the period between milkings exceeded 18 to 
20 hours. 
The changes in the composition of milk secreted following 
irrigation or accumulation of milk in the udder is believed to be 
due to the impaired activity resulting from the pressure exerted on 
the gland epithelium. It has been concluded that distilled water 
is preferable to any of the solutions studied as an irrigant for the 
mammary gland. 
Changes in the Procedure for Extracting the Lactogenic Hor-
mone, Galactin (C. W. Turner, W . H. McShan). In last year's 
report, a statement was made on the further purification of the lac-
togenic hormone, galactin. Since that time the following changes 
in procedure have been found desirable. The consecutive acetone 
treatment of the isoelectric precipitate and the finely ground an-
terior lobes has been continued until a white dehydrated powder 
has been obtained. This powder has been used as beginning mate-
rial for the acetic acid extractions. It was found desirable to make 
4 consecutive extractions of the dehydrated powder using 75 c.c. 
of glacial acetic acid for each treatment. In order to avoid lengthy 
acid treatment supernatant acid is added to 150 c.c. of ether imme-
dia tely after each extraction. The precipitated material is centri-
fuged and mixed with acetone. 
I t is very important that the material be kept in the presence 
of acetone as it prevents the formation of a brown gelatinous sub-
stance with the resulting loss of activity. 
The material from the four extractions is combined, centri-
fuged, and treated with reagent acetone until completely dehy-
drated. The extract remains active when the a'cid is completely 
removed during the dehydration and it is kept in the dry at room 
tem pera ture. 
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The bioassay of the material by use of 20 pIgeons indicatec! 
that 1 mg. was equivalent to 1 bird unit. 
A qualitative test showed that the active material was not 
completely removed from the dehydrated powder by ·1 acid treat-
ments. 
Bioassay of Galactin, the Lactogenic Hormone (C. vv. Turner, 
VV. H. McShan). A method has been developed for assaying the 
lactogenic hormone by means of a minimum crop gland prolifera-
tion in the C01111110n pigeon. A pigeon unit of galactin is deflllecl as 
the total amount of hormone injected during a period of -1 clays 
'which 'will caus e a minimum but clei1nite proliferation of the crop 
glands of 50 ± 11 per cent of 20 common pigeolls weighing 300 
± 40 gms. 
Comparison of Methods of Purification of Galactin (C. W. 
Turner, A. J Bergman). Since the discovery of the lactog'enic hor-
mone in the pituitary, several methods have been suggested for 
the extraction and purification of the active principle. The method 
of biological assay of the hormone developed at this Station makes 
it possible to determine with a reasonable degree of accuracy the 
relative value of various methods of purification and extraction of 
the hormone. 
The observations made to date indicate considerable differ-
ences in the methods both in the efficiency of the removal of the 
'hormone from the pituitary tissue and in the purity of the resulting 
product. One method appeared to be much superior to the others 
since it gave a hormone requiring only .12 to .15 mg. to equal a 
pigeon unit and the recovery appeared to be about 100 per cent. 
The Chemistry of the Lactogenic Hormone (\V. H. McShan). 
A chemical study of the lactogenic hormone extracts prepared by 
the acetic acid and acid-acetone methods of extraction has been 
made. These experiments have been both qualitative and quanti-
tative in nature. 
The qualitative tests showed that these extracts contained ni-
trogen, phosphorus, and sulphur. Since the biuret, Millon, Hopkins-
Cole, and Xanthoproteic tests were positive the material is protein. 
The three latter tests indicated that ty rosine and tryptophane w ere 
present. The ninhydrin test was positive for the acetic acid extract 
and negative for the acid-acetone extract. The nitroprusside test 
was negative for each of the extracts. 
The extracts remained active when they ,vere freed of C011-
tamination and kept dry at room temperature. They were relative-
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ly stable to heat vvhen the pH was arranged at 7' to 8. Inactivation 
occurred on digestion with trypsin and pepsin . The extracts also 
were inactivated on treatment for two hours at room temperature 
with formaldehyde, sodium nitrite, sodium cyanide, and benzoye 
chloride. This was probably clue to their reaction with some sllch 
as the amino, imino, or hyclroxye group. There was little loss in 
activity on similar treatment with acetic anhydride and 3 per cent 
hydrogen peroxide. Inactivation occurred on diazatization of the 
material. This reaction was not well understood but wa s thought 
to be clue to the imino indole group of tryptophane. The material 
was inactivated on heating at 100 0 in 0.1 N sodium carbonate solu-
tion. This probably was due to the loss of labile sulphur but this 
conld not be subs tantiated. This inactivation was not clue to the 
loss of free amino nitrogen as this form of nitrogen was found to 
be 0.8Gl per cent for the treatecl and 0.8-10 per cent for the untreated 
extracts. Inactivation also occurred on heating in 0.1 N HCI at 100 0 
for 1 hour, and by treating with 0.0;1;3 N sodium hydroxide at iFo 
for 4 hours. 
Extracts which were dialyzed by thin collodion membranes 
,,,ere not significantly different from the undialyzed extracts. There 
was no indication that the active material passed through the 
membrane. 
The total nitrogen content of the extracts as determined by 
the Kjeldahl method was found to be 15 per cent. Free amino 
nitrogen content after digestion with trypsin was found to be 10.7'2 
per cent. The acetic acid extract contained 0.870 per cent phos-
phorus while the acid-acetone extract containecl 0.327' per cent. 
The sulphur content of both kinds of extracts was approximately 
1.3 per cent. 
Factors Affecting the Composition of Milk (C. VV. Turner). 
Extensive research work has been carried on at this Station for 
many years concernecl with the factors affecting the composition 
of milk. '['his work has heen reviewed and summarized. The 
summary indicated that there 'were two funclamental types of va-
riation; genetic , and environmental. The environmental variation 
in the composition of milk was considered uncler the following 
headings : nutritional, physiological, and managerial. 
The effect of the following nutritional factors has been studied 
and recorded: vitamins , fat, protein, mineral matter, watery feeds, 
overfeeding and undedeeding, rapid changes in feeds, hormones, 
drugs and condiments, condition at calving time, and pasture. 
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Physiological factors affecting the composition of milk included 
stage of lactation, season, temperature, age, exercise and work, and 
heat or estrum. 
The method of milking and management of lactating cows 
caused variation in the composition of milk from day to day. Such 
factors as variation in the night and morning milking, in the inter-
val between milking, in the milking process, in the order of milk-
ing the quarters and other factors causing a depression of milk 
yield have been studied. 
The Composition of the Colostrum of the Goat and the Changes 
which Occur as the Milk Becomes Normal (C. W. Turner, A. ]. 
Bergman). The analysis of colostrum of six goats given in the 
last annual report varied somewhat from the analyses made by 
other investigators. The rapid change in the colostrum to normal 
was noticeable in the percentage of total solids. This was due 
chiefly to the lowering of fat, total protein, and ash and com-
pensated by only a slight increase in lactose. The lactose On the 
first day was 3.48 per cent, while on the ninth day it was 4.47 
per cent, an increase of 1.29 per cent. The method used was the 
copper iodometric reduction method and the higher figures may be 
accounted for by the greater accuracy of this method. The ash con-
tent decreased from 0.89 per cent to 0.83 per cent. This was inverse-
ly related to the lactose, which was low on the first day, then grad-
ually increased. 
The total proteins reported were somewha't lower than those 
reported by other investigators. This was due to the fact that the 
non-protein nitrogen was not included. A slight decrease occurred 
in casein from the first to the ninth day. An average of 4.57 per 
cent on 3 samples was obtained by Henry, Siegfeld, and Scheurlen 
on the first day. The percentage obtained at this Station was 3.01. 
However, by precipitating at the isoelectric point of 4.G with an 
acetic acid buffered with sodium acetate as against the common 
practice of using acetic acid alone, which gave a pH of 4.2, the 
percentage of casein secured was increased by one to two per cent. 
The most rapid change was in the globulin content which was 
1.53 per cent on the first day and gradually declined to 0.11 per 
cent on the ninth day. A gradual decline in albumin was observed, 
being 0.78 and 0.34 per cent on the first and ninth day respectively. 
Studies on Milk from Cows Infected with Mastitis (E. R. Gar-
rison, H. A. Herman). Chemical and bacteriological studies have 
been made on milk from individual quarters of udders of all cows 
BULLETIN 387 45 
in a herd infected with mastitis. The analyses made and other tests 
performed on the milk were: Strip cup examination, brom thymol 
blue test, pH determinations (by means of a potentiometer), cata-
lase test, chloride content (by both direct titration and the digestion 
method), bacterial content by plating on blood agar, and determina-
tion of the types of bacteria present by a microscopic examination 
of the incubated milk samples. On one occasion leucocyte count 
and the brom cresol purple test on the incubated milk for the detec-
tion of long chain streptococci were made. 
The wide variation in the chlorine content of the milk from in-
dividual cows with sound udders precluded the possibility of 
adapting a definite chlorine standard that would be reliable for 
detecting infected udders. There was very little variation in the 
chlorine content of the milk from the four quarters of healthy ud-
ders. When the chlorine content from one quarter of the udder was 
0.025 per cent or more higher than the chlorine content of the milk 
from any other quarter of the same udder, infection usually was 
present in the quarter showing the higher chlorine value. The 
interpretation of the chlorine test on this basis has proved quite 
reliable. 
Sixty-eight per cent of the samples contained a plate count 
under 1000 bacteria per c.c.; 15 per cent contained a plate count 
between 1000 and 5000; and 17 per cent contained a plate count 
over 5000. Long chain streptococci were found in 24.8 per cent of 
the samples while staphylococci, but no streptococci, were found 
in 3.4 per cent of the samples. The catalase test was positive on 
23.2 per cent of the samples of which 7.5 per cent were false posi-
tive (no other evidence of infection detected). Approximately 39 
per cent of the samples contained over 0.14 per cent chlorine; of 
these ::3.5 per cent showed no other evidence of infection. The 
brom thymol blue test gave 11 per cent positive but 2 per cent 
of these were due to late lactation and were not infected. The 
brom cresol purple incubation test showed about one-fourth of the 
samples positive. This indicated the presence of long chain strep-
tococci and checb:d very closely with the samples that sho\ved long 
chain streptococci by a microscopic examination. Only 1.6 per 
cent of the samples were positive to the strip cut test. 
Lactose in Milk (E. R. Garrison). Neither the mercuric nitrate 
solution nor the mercuric iodide solution method as given in the 
Book of Methods of the Official Association of Agricultural Chem-
ists was satisfactory for removing the proteins from abnormal milk 
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(colostrum or mastitis milk) when making a polarimetric deter-
mination of lactose. The addition of 25 c.c. of a ,) per cent phos-
photungstic acid solution to the normal volume of milk used in 
making a lactose determination and using S to 10 c.c. of mercuric 
nitrate solution instead of 1 c.c. as specif1ed in the Book of Methods 
yielded a clear filtrate when first obtained but the filtrate developed 
a red color and became turbid upon standing. Therefore this 
method was not entire ly satisfactory. 
A modification of the Samogyi procedure for the IJreclj)lta-
tion of blood proteins \vas developed and gave satisfactory results 
in the clarifica tion of abnormal milk. To clarify the normal volume 
of milk used in making a lactose determination, acid 17'.5 c.c. of a 
15 per cent zinc sulphate solution, mix well, add 17'.5 c.c. of 0.7'5 
normal N aOH with continuous shaking, make up to volume with 
distilled water, shake vigorously and after a few minutes filter and 
polarize. A smaller amount of precipitating reagents is needed for 
normal milk. 
Pasturization Studies on Sweet Cream (E. R. Garrison). 'When 
ravv milk is separated at market milk plants the cream obtained is 
usually pasteurized at 1'12-145° F. for 30 minutes. A higher pas-
teurization temperature would be desirable in oreler to secure 
cream with low bacterial content and high keeping quality. Table 
8 gives the results secured at three different temperatures. 
TABLE S.-EFFECT OF PASTEURIZATIO N TEMPERATURES ON BACTERIAL COUNT 
Standard Plate Count 
Maximum counL ___________ _____ _ _ 
Minimum counL ________________ _ _ 
Raw 
4,000 ,000 
200 ,000 
145* F. 
560,000 
12,000 
150* F. 
300 ,000 
2,000 
155* F. 
8,000 
700 
The viscosity of the samples after 4 hours of aging was de-
pressed slightly but the differences after aging 24 hours were not 
significant. 
The whipping properties of the cream were 110t affected meas-
urably by the higher temperatures. 
The Development of the Mammary Glands of the Goat (C. W. 
Turner, E. T. Gomez). The embryonic differentiation of the mam-
mary apparatus in the dairy goat was first observed at the 25th clay 
stage as a light streak extending from the anterior to the posterior 
limb buds in the region of the ventro-lateral limiting furrow. The 
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mammary line stage was not observed. At points on the mammary 
lines corresponding to the position of the future udder new centers 
of cell proliferation caused slight spherical elevations to appear 
called mammary crests. These structures begin to invaginate into 
the underlying tissue as cellular proIiferation proceeded forming 
half moon shaped mammary hillocks. The fully rounded out mam-
mary bud stages probably were reached when the embryos were 
about 3.0 cm. long. This stage was still present in the 6.0 cm. male 
embryos. 
The next important stage of development was initia-ted by the 
growth of the primary sprout from the mammary bud and the sim-
ultaneous proliferation of the mesenchyme tissue surrounding the 
bud to form the teat. The primary sprout started to grow 
some time before the embryo reached the 11.4 cm. stage. By 
the 88th day (22.9 cm.) the primary sprout had become transformed 
into the cistern of the teat and gland and numerous seconda-ry 
sprouts had developed, some of which already were canalized to 
form. the primary ducts. 
During the period from 108 to 150 days of fetal life, the duct 
system developed considerably. Numerous branches of the chief 
ducts appeared as well as lateral sprouts from the duct wa-lls. These 
buds or sprout-like outgrowths were believed to be true ducts and 
not the precocious development of an alveolar system. 
At birth the udder of the goat oonsisted of a cistern and duct 
system which extended only a short distance into the fatty tissue 
of which the udder was composed. The mammary gland throughout 
the prepuberta-l period remained the same except for the increase in 
extent and degree of arborization of the ducts. The multiplicity 
of small branches may appear as alveoli unless carefully examined 
in sections and who-le mounts. 
After birth, the rate of growth of the duct system was extreme-
ly slow in the male glands. Even after several years of develop-
ment the glands extended only slightly beyond the base of the 
teats. 
In the female, at the time of sexual maturity and the recur-
rence of the estrus cycle the duct system continued to grow result-
ing in the formation of numerous bud-like outgrowths in various 
planes of the lateral walls and the free ends of the ducts. The ducts 
so formed may be considered as a stage of lobule development 
but the formation of true alveoli was not observed in nulliparous 
females. 
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The gr-owth of the udder during pregnancy in the goat was 
observed to be similar to that observed in a series of mammals 
previously examined. During the first half of pregnancy, the greater 
part of the proliferation of the lobule-alveolar system occurred 
whereas during the latter part the characteristic change was a 
gradual increase in the lumina of the alveoli resulting from an 
accumulation of secretion. The enlargement of the udder during 
the last week or ten days of prengancy was especially marked. 
Involution of the Mammary Gland of the Goat (C. W. Turner, 
E. P. Reineke). A study has been ma,de of the rate of involution of 
the mammary gland of the goat when milking was entirely sus-
pended; when milking was continued in one-half; and during the 
declining phase of lactation. When milking was stopped 30 days 
after parturition, the lobule-alveolar system gradually degenerated. 
Within 75 days after the last milking the gland epithelium consisted 
essentially of a duct system similar to that found in a virgin gland. 
When milking was stopped in one side of the gland, the stimulation 
provided by milking the opposite side retarded the ra'te of involu-
tion in the side that was not milked. The effect of stimulation 
apparently was lessened during advanced lactation as the gland 
underwent a gradual involution with advancing lactation. In far 
advanced lactation involution of the mammary gland was practical-
ly complete. The few alveoli that remained were very sma:ll in 
diameter, and the gland consisted of a duct system, surrounded 
by extensive amounts of connective tissue. 
Hypophysectomy of the Goat (C. W. Turner, A. W. Uren, R. T. 
Hill, E. T. Gomez). In order to secure further information on the' 
relation of the hormones of the hypophysis to the physiology of 
lactation, especially as they relate to the maintenance of lactation, 
an attempt has been made to hypophysectomize the milking goat. 
Many difficulties were encountered but finally a method which 
appeared successful was evolved. The pituitary was approached 
by a parapharyngeal route, exposing the gland through an oval 
hole drilled through the sphenoid bone. The rate mirabile which 
surround the pituitary were coag·ulated with an electrical high 
frequency cautery. It then was possible, practically without hem-
orrhage, to coagulate the pituitary and remove it in a charred condi-
tion. 
Post~mortem examination revealed that the pituitary can thus 
be removed in toto, although frequently some parts rema:in. In 
lactating goats, the operative technique has caused a decline in 
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milk flow of from 50 to 75 per cent for a day or two after the opera-
tion. However, the milk flow soon returned to approximately the 
previous level of production. 
Two goats in good lactation, practically ceased to secrete milk 
by the second day after the operation. They quickly returned to 
an apparently normal condition, ate, and drank well, but during 
the course of a month following, secreted only a few cubic centi-
meters of milk at each milking. The cessation of lactation in these 
cases has been taken as evidence that the operation was success-
ful until a post-mortem examination can be made. 
Galactin Content of Cattle Pituitaries (C. W. Turner, R . P. 
Reece). Pituitaries were collected from cattle slaughtered at a local 
packing plant. Pituitaries were classified according to the sex, age, 
weight, breed, length of gestation, and stage of lactation of the 
animals from which they were taken. 
The fibrous capsule which nearly envelopes the pituitary gland 
was removed and the posterior lobe separated from the anterior 
lobe. The glands were kept in a frozen state until worked-up into 
powder form. The powder material was obtained by dessicating 
the pituita·ries with a,cetone and then grinding the glandular tissue 
in a mortar with a pestle until it would pass through an eighty mesh 
sieve. 
The pituitary powder was tested with pigeons. When the crop 
glands showed sufficient proliferation to be detected by the naked 
eye, it was considered a positive response. Preliminary work indi-
cates that the pituitaries from the different groups wil1 vary in their 
galactin content. 
Normal Male Rat Pituitaries. An appreciable amount of galac-
tin has been found in the male rat pituitary. The pituitary gland 
was removed from the animal and macerated, using an agate mortar 
a:nd pestle. This macerated tissue was suspended in 0.4 C.c. of dis-
tilled water. \Vhen this suspension was tested by injection intra-
dermally over the right crop gland of a pigeon at the rate of 0.1 
c.c. per day a positive response was secured. 
Influence of Estrone up'on the Galactin Content of Male Rat 
Pituitaries. Sixteen rats were pa:ired upon the basis of body weight. 
One of each pair was kept as a control animal while the other was 
injected subcutaneously daily for 15 days with 500 International 
Units of the benzoate of hydroxy estrin (Oestroform B). Of these 
8 pairs of rats, 7 of the pituitaries from the anima·ls under the 
influence of Oestroform B contained more galactin than their COll-
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trol mates and the eighth experimental animal's pituitary was 
rated as equal to that of its control mate. 
Mammary Gland Development in the Hypophysectomized 
Albino Rat (C. W. Turner, R. P. Reece). Recent investigations on 
mammary gland development have indicated that the ovarian hor-
mones, estrone and progestin, were responsible for the growth of 
the glands. Increasing knowledge of the physiology of the pituitary 
gland, however, seems to give it a central position in the endocrine 
system. 
An effort has been made to determine whether or not mammary 
glands could be experimentally developed in hypophysectomized 
animals. A series of immature albino rats has been hypophysec-
tomized and subsequently treated with varying amounts, 25 to 500 
International Units per day, of the benzoate of hydroxyestrin 
(Progynon-B). Of the animals which were operated upon there 
have been five females and four males which survived 15 days or 
longer and in which the pituitary gland had been removed com-
pletely as was revealed at autopsy. 
None of the mammary glands from these nine hypophysec-
tomized immature rats showed any evidence of growth. In com-
parison the glands from control animals which had been castrated, 
but whose pituitary glands were intact developed an extensive 
duct system with numerous end-buds. Animals whose pituitary 
glands were incompletely removed reacted in a similar manner. 
Even the mammary glands of three females whose ovaries were 
intact and in which injections were begun two to four days after 
hypophysectomy showed no mammary gland growth. 
Non-Effect of Estrogenic Hormones on the Mammary Gland 
of Hypophysectomized Guinea Pig (C. W. Turner, E. T. Gomez). 
While the growth of the nipples of the hypophysectomized guinea 
pig may be stimulated with the estrogenic hormones, theelin and 
benzoate of dihydrotheelin, neither the ducts nor the lobule-alveo-
lar system of the mammary gland responded even to long continued 
administration. Similar results were obtained with rats and there-
fore it would appear that the inability of the estrogenic hormone 
to stimulate the growth of the mammary gland parenchyma in the 
absence of the hypophysis Wets probably not a species difference. 
Effect of Hypophysectomy and Replacement Therapy on Lac-
tation in Guinea Pigs (C. W. Turner, E. T. Gomez). Hypophy-
sectomy in lactating guinea pigs was followed immediately by a 
rapid decline in lactation and a complete cessation within two to 
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three days after operation. Galactin was not able to initiate lacta-
tion in hypophysectomized experimentally cryptorchid males or to 
re-initiate and maintain the lactation following hypophysectomy 
at any stage during the first week of lactation. The injection of a 
suspension of ground fresh whole sheep pituitary gland tissue was 
able to maintain lactation in two cases. The failure of galactin to 
initiate or maintain lactation in the hypophysectomized guinea 
pig emphasized the importance of the products of the other endo-
crine glands controlled by the hypophysis in lactation. 
Lactation in the Albino Rat (C. W. Turner, R. P. Reece). It 
has been demonstrated previously that lactation ceased in lactat-
ing rats when the pituitary gland was removed. Efforts have been 
made to maintain lactation in hypophysectomized rats by the in-
jection of galactin. In an effort to maintain lactation in hypophy-
sectomized rats the following substances were employed inde-
pendently : Galactin in amounts up to 8 pigeon units per day, 
one rat pituitary implanted at 8 A. M. and 5 P. M., dessicated sheep 
powder, whole pituitary powder, pitocin and galactin filtrate . It 
was impossible to maintain lactation in these animals. 
In two hypophysectomized rats one-fourth of fresh, whole 
sheep pituitary tissue was injected once a day. Milk was present in 
the mammary glands of these two. 
The Radiosensitivity of the Cells of the Mammary Gland (C. 
W . Turner, E . T. Gomez) . Thirty minutes of irradation were re-
quired to prevent completely the growth of the rudimentary mam-
mary gland of immature rabbits and only five minutes were required 
to inhibit further growth of the duct system when under the 
estrogenic hormone stimulation. When the duct system was 
developed completely, the subsequent growth of the lobule-alveo-
lar system was inhibited by a 25-minute exposure. An irradiation 
of 10 minutes was effective when given during the early stages (6 to 
8 days) of pregnancy or pseudo-pregnancy. Irradiation of the mam-
mary gland for 10 minutes shortly before parturition or immediate-
ly before the injection of the lactogenic hormone at the end of 
pseudo-pregnancy resulted in complete suppression of milk secre-
tion . A 20-minute period at any stage of lactation caused a cessa-
tion of milk secretion followed by involution back to a duct system. 
Further, it was demonstrated by the re-examination of the glands 
following the repeated stimulation by pregnancy or pseudo-preg-
nancy after a period of rest of from 30 to 100 days. neither further 
growth nor secretory activity was induced. 
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A series of experiments to determine the influence of the 
length of irradiation on the gland cells has been started. The X-ray 
apparatus has been adjusted so that the total r. dosage which was 
found to inhibit growth completely could be administered with the 
shortest possible length of exposure. 
Mammary glands from each of three adult castrated and three 
immature females were irradiated with dosages varying from 470 
r. to 2160 r. Immediately following irradiation all the animals were 
given subcutaneously an injection of 100 1. U . of estrogenic hor-
mone (theelin in oil) for a period ranging from 75 to 85 days. 
Some of the primary ducts of the duct system of the glands 
receiving 460 r. and 720 r. showed an extensive arborization ap-
proaching that of the normal gland under theelin stimulation, while 
in the others, further growth was inhibited completely. The duct 
system of the glands receiving 846 r. and 2160 r. was completely 
inhibited. 
Apparently the effect produced on the gland cells varied direct-
ly with the dosage independent of the length of irradiation. More 
evidence is needed for definite conclusions. 
The Precursors of the Constituents of Milk (C. W. Turner, W. 
R. Graham, Jr .. , E. T. Gomez) . A large number of investigations 
have been made on the nutritional aspects of lactation. While 
these experiments have yielded important results they do not get 
dovvn to the fundamental problem, i. e., the nutrition of the mam-
mary gland. 
Studies of the blood of lactating animals have thrown some 
light on the qualitative aspects of the problem. From comparisons 
of blood ' from an artery leading to the udder and from a mam-
mary vein, it is known that inorganic phosphate, sugar, amino 
acids, and fat other than phospholipin fat were taken from the blood 
during its passage through the mammary gland. 
An attempt is being made to study the nutrition of the mam-
mary gland itself by measuring the blood volume flow through it, 
by blood analyses, and by the quantity and composition of the 
secreted milk during the period investigated. Goats are being used 
as experimental animals. Results are not yet available. 
Relative Accuracy of the Various Estimates and Measurements 
Used to Predict the Milk and Butterfat Producing Ability of Dairy 
Cows (c. W. Turner, A. S. Foot). The frequencies of milk weigh-
ir.lg and fat testing generally in official practice in America and 
England are such that highly accurate measures of the lactation 
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yield should be obtained. The correlation between any lactation 
and a subsequent lactation in the same cow will depend on the 
data used. The correlation between the maximum lactation and 
any individual lactation depends very largely on the age of the 
cow at which the individual lactation was recorded. 
A group of four lactations may be correlated highly with the 
maximum lactation. Other individual lactations may be correlated 
highly with a: group of lactations in the same animals but the evi-
dence is rather inconclusive. 
The first lactation yield is probably an inaccurate measure of 
the dairy cow's producing ability. Two or more lactations are 
more accurate. 
The milk yield showed a positive correlation with live weight. 
Certain body measurments are correla:ted distinctly with yield. This, 
however, probably is due to a large extent to their relation to the 
size of the cow. Heart girth shows, in some data at least, a nega-
tive correlation with yield when the influence of the other conforma-
tional measurements and weight of animal are eliminated. The 
correlation between yields and milk wells was high. In many in-
vestigations the true meaning of the correlation coefficients is 
doubtful owing to the use of milk records which do not accurately 
portray the animal's true producing ability. 
Seasonal Variation in the Birth Rate of the Milking Goat in 
the United States (C. W. Turner). The dates of birth of 37,047 
kids of the four breeds of milk goats have been tabulated to deter-
mine the frequency of births at various seasons of the year. About 
5 per cent of the kids were born in January and that number in-
creased rapidly until the first half of March when over 16 per cent 
were born. From that time the number of births declined each 
month until July when about 3 per cent were born. Ninety-three 
per cent of a:ll kids were born from January to June. Therefore 
milk goats of the United States are seasonal breeders. The anestrus 
period of the goat covers at least the months of April, May, June, 
and July. 
Factors Affecting the Length of Gestation in Dairy Cows (H. 
A. Herman, Cecil Elder). Records of the dairy herd of the Mis-
souri Agricultural Experiment Station over a period of thirty yea:rs 
have been studied to determine the factors affecting the length 
of gestation in dairy cows. The normal length of gestation has been 
determined and was found to be 279.47 days. This study included 
482 Jerseys and 395 Holsteins. 
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Eighteen pairs of twins and one set of triplets required an 
average length of gestation of 272.5 days. There was a slight in-
crease in the gestation length for mature cows as compared to the 
gestation period of first and second calf heifers. Cows calving dur-
ing the faU and winter months carried their calves an average of 
one to three days longer than those co.vs which calved during the 
spring and summer months. 
The incidence of abortion in the Missouri Station herd due to 
Bang's disease, has been reduced markedly since the advent of the 
blood test. Nearly 50 per cent of all recorded abortions occurred 
between 1900 and 1914. The frequency of abortion in the present 
herd, due to all causes is now less than 3 per cent of all calves 
dropped. 
Animals positive to the agglutination test in 1 :100 dilutions 
(74) were found to have an incidence of premature births of 24 
per cent and only 77 per cent of the offspring were carried above 
265 days. Animals reacting in dilutions of 1 :25 and 1 :50 were 
found to carry 95 per cent of their calves above 265 days. The 
distribution of abortions in terms of gestation length indicated 
that 90 per cent of these occurred after five months of pregnancy. 
The mean number of days pregnant at which abortion occurred was 
found to be 210.56 for Holsteins and 204.8 for Jerseys. 
Dairy Manufactures 
A Macrophotographic and Microphotographic Study of the 
Crystalline Structure of Ice Creams and Sherbets (W. H. E. Reid). 
A new technique has been developed for studying the crystalline 
structure of ice creams and sherbets which involves the use of a 
new refrigerant (dry ice) . The crystal formation in ice creams and 
sherbets differs and may be attributed in part to the variation in 
the solids used in constructing the basic mix. Methods applied in 
freeting and hardening of ice creams and sherbets materially in-
fluenced their structures. The application of a refrigerant which 
permits the use of lower temperatures facilita'tes the examination 
of the crystalline structure of ice creams and sherbets both macro-
scopically and microscopically. 
Ice Cream Quality Improvement Program (W. H. E. Reid, 
E. R. Garrison). The quality of the original ingredients used in 
compounding an ice cream mixture and the treatment given the 
mixture during the different phases of processing reflected directly 
upon the flavor of the finished ice cream. The ingredients used, 
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total solids, and method of freezing and hardening of the ice cream 
reflected upon the body and texture primarily. The bacterial analy-
sis showed that the application of our present knowledge of the 
selection of high quality of original ingredients, efficient processing 
of the mixture, effective sterilization of equipment, a:nd the main-
tenance of the ice creams at low temperatures assured the manu-
facture of a product possessing less than 50,000 bacteria per c.c. 
Air Conditioning-Its Relation to Flavor and Texture of Differ-
ent Ice Creams CW. H. E. Reid). The normal atmospheric tempera-
ture which prevails in the packaging department of an ice cream 
factory during the summer months produces softening of the ice 
cream when drawn from the freezer and during the packaging 
process. This softening of the ice cream impairs the quality of 
the product since the minute ice crystals fuse together to form 
larger ice crystals \vhen the ice cream was hardened. The forma-
t ion of large ice crystals produced an ice cream coarse in texture, 
that lacked smoothness of body, and submerged the true flavor 
of the finished product. 
Reduction in the temperature of the packaging department 
from 95 to 60 degrees Fahrenheit retarded the melting and fusion 
of ice crystals and also improved the flavor, body, and texture 
va:lues of the ice creams. The heat shocking of the different ice 
creams was reduced greatly. 
A Microphotographic and Macrophotographic Study of Sev-
eral of the Factors Affecting the Moisture Migration in Butter CW. 
H. E. Reid) . Microphotographs of samples of butter obtained 
throughout the entire churning procedure showed the effect of 
washing, salting, and working of the butter on moisture migration. 
The relatively large lakes of water present in the butter prior to 
working diminished in size as the working process progressed. 
The moisture was distributed in the mass of the butter through a 
system of small rivulets. 
The addition of salt to the butter resulted in a concentration 
of the moisture in some sections of the butter but it did not retard 
its migration. The moisture in butter samples completely worked 
appeared as minute droplets. 
Samples of butter made from different types of churns showed 
a considerable difference. This may reflect a difference in the 
efficiency of the working process. 
56 MISSOURI AGRICULTURAL EXPERIMENT STATION 
Hatch Farm 
Establishing a Strain of Cattle Pure for High Production by 
Means of Selection and Continued Use of Proved Sires (A. C. Rags-
da1e, C. W . McIntyre, and representatives of the Bureau of Dairy 
Industry of the United States Department of Agriculture. Eleven 
of the 21 foundation cows are still in the herd. The first sire used 
was Ayredale's Exile 197339. The daughters of this bull in this 
herd were given ample opportunity to produce but evidently lacked 
ability. Each produced less than her dam. 
Lady's Rinda St. Mawes 226037 left 4 daughters and 1 son in 
the herd. Two daughters were sold after reading to abortion. 
The other 2 have started creditable records. 
Peggy's Majestic Duke 259690, now in service in the herd, has 
produced 26 daughters and 8 sons. Nineteen daughters and 4 sons 
are now in the herd. All are good in type and the first daughter 
will calve in August. Six bulls bred on the Hatch Farm have been 
leased to iM'issouri and Illinois dairymen under agreements to 
furnish accurate monthly production reports on their herds. 
Farm Records (C. W. McIntyre). Complete cost records, by 
operations, on all crops produced have been made. Corn was 
grown on 16.14 acres in 1935. The total cost of producing this 16 
acres was $151.00, exclusive of land cost. Ten acres cut for silage 
produced 91.1 tons of silage. The cost was $2.17 per ton in the 
silo, exclusive of land and building cost. The rema-ining 6 acres 
were harvested for grain and produced 201 bushels (70 #) of 
corn at a cost of 50 cents per bushel, exclusive of land cost. The 
stalks on this were left in the field. 
A field of 12.04 acres was sown in wheat and winter barley at 
a cost of $4.56 per acre for seed and labor. No fall pasture was 
obtained. On September 4, 7 bushels of wheat, 7 bushels of winter 
barley, and 100 pounds of crimson clover were sown between the 
rows of 4.11 acres of corn. The corn matured and was harvested 
late. No f(j.ll pasture was obtained but this field was ready for 
spring pasture May 5. 
Alfalfa was see<;led on 5.6 acres of old pasture which had a 
heavy bluegrass sod. The land was too rolling to be cultivated 
one yea-r before seeding without heavy loss due to erosion. It was 
plowed in July, disked and harrowed 5 times before seeding. The 
field was treated with 20.3 tons of hydrator tailings. One ton of 
a 4-12-4 fertilizer was applied and 120 pounds of certified Grimm 
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alfalfa seed, inoculated, was sown with a drill on August 27. The 
total cost was $153.65 or $27.44 per acre. The stand obtained was 
practically perfect and the growth was exceptionally vigorous . 
Rate of Milking and the Influence of Body Weight on Milking 
Time (A. C. Ragsdale, C. W. McIntyre, S. Brody). The increase 
in total milking time due to body weight alone was found to ap-
proximate .004 of a minute per 100 pounds increase or decrease in 
body weight. 
The mean time of milking (4.6 minutes) was as accurate an 
estimate of the milking time for a given cow as the data permitted. 
The records were on 1289 milkings. 
Pasture Investigations (A. C. Ragsdale, C. W. Mdntyre, 
cooperating with representatives of the Bureau of Dairy Industry 
of the United States Department of Agriculture). The work on the 
fertilizer plots has been continued. Three seasons have been 
completed. Chemical analyses for protein (nitrogen), carbohy-
drates (nitrogen free extract and fiber), fat (ether extract), ash, 
calcium, and phosphorus, for the 1933 and 1934 clippings have been 
completed. 
Of the six strains of English pasture grasses selected for leafi-
ness and seeded in 1932, three-meadow fescue, orchard grass, and 
Scotch timothy, are still making heavy yields. The wild white 
clover is coming back this season from seed lost in gathering. New 
plots of these four varieties have been planted from seed gathered 
on the original plots. The other two varieties-Italian rye grass 
and perennial rye g rass, died the first and second years respectively 
without producing seed. 
The pasture land has been divided into three fields to permit 
selected and rotational grazing. Water has been made available 
in each pasture. Complete records of all grazing on each field are 
kept. Grass which the cattle cannot utilize in grazing has been 
mowed for immature grass hay and grass silage. 
Three ravines of from one to two acres in the wooded portion 
of the pasture have been seeded with Korean lespedeta, sweet 
clover, and orchard grass respectively, in an effort to determine 
which gra'ss will grow best under these conditions. 
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L. HASEMAN, Chairman 
The Hessian. Fly in Missouri (L. Haseman). During the fall 
of 1935 the Hessian fly was extremely abundant. However, the 
weather in the early part of 19:16 at spring brood emergence time 
proved so adverse to the pest that the spring brood of fEe~ prac-
tically was eliminated and the wheat crop matured, giving normal 
yields. Records on 1936 stubble infestation showed but few flax-
seeds in any of the varieties and those previously sho\,iing high 
susceptibility had few, if any, more flaxseeds than the more resis-
tant varieties. 
At Elsberry the greatest infesta:tion was 10 per cent and this 
occurred on Fulcaster which in previous observations was one of 
the most resistant varieties. At Sikeston, 7 per cent stubble infes-
tation was the highest and occurred on the more susceptible 
variety, Harvest Queen. 
The Chinch Bug in Missouri (L. Haseman). The spring rains 
of 1935 so reduced the spring brood of chinch bugs that the pest 
did very little damage. The 1935-36 winter carry-over of bugs was 
quite heavy, especially in the west central Missouri counties, in 
the north central Missouri counties, and in northeast part of the 
State. The drought of 1936 aga:in favored the pest and in several 
counties creosote and furrow barriers were used for control. The 
grasshopper epidemic so eclipsed the scattered chinch bug infesta-
tions that no definite control experiments were undertaken this 
year. 
Injurious Insect Pests of Melon and Related Crops (L. Hase-
man) . In spite of the dry summer the squash bug thrived wherever 
cucurbits were grown. Nicotine sprays and dusts proved reason-
ably effective in destroying the young nymphs but was not effec-
tive a:gainst the older nymphs and the adults. An ounce of nico-
tine sulphate in 3 gallons of soapsuds killed most of the young 
nymphs which were hit by the spray. Repeated applications there-
fore largely protected the plants against this pest if spraying was 
started as soon as the first nymphs appeared. 
Where only a few hills were planted tra:pping the over-winter-
ing adults under chips when they first came to the plants in the 
early summer, followed by crushing the patches of eggs laid by 
those which escape, largely protected the crop. 
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The striped and spotted cucumber beetles were a serious 
drawback to profitable watermelon growing in southeast Mis-
souri. Frequent dusting with an arsenical from the time the crop 
first ca:me until vining began was the most effective control. One 
part of calcium arsenate to ten or fifteen parts of dusting gypsum 
was the cheapest and best dust to use. Cryolite also gave good 
results but was more expensive. 
Codling Moth Investigations 
Biological Studies of the Codling Moth (L. Haseman, K. L. 
Parman, H. L. Koch, C. H. Baldwin, Lee Jenkins). Forty-five cod-
ling moth breeding stations were mainta:ined in Missouri in 1936 
for determining the emergence of first brood moths and weekly 
records from thirty-eight of these were received and tabulated. 
The first brood moths began emerging in southeast Missouri on 
April 25, a few days later at Neosho and Marionville, and a week 
later at Sikeston and Cape Gira:rdeau. In the south third of the 
State first brood moths had all emerged by the fourth of June. 
In the St. Louis, Columbia, and Kansas City areas the moths 
emerged the first few days in May and by the first of June they 
were all out. In the north Missouri area moths began to emerge 
a:t Louisiana, Chillicothe, and St. Joseph at the end of the first 
week in May and most of them were out before the middle of 
June. 
After the first emergence moth activity was determined by 
means of bait jars used to attract and trap moths. Second brood 
moths began to emerge June 15 in south Missouri, a few days 
later in central Missouri, and in north Missouri during the last 
days of June. Moths of this brood were all out in south Missouri 
by the first of August a:nd on approximately the same date the 
last emerged in central and north Missouri. 
The second and third brood moth emergence overlapped some-
what. The heaviest emergence of the third brood moths this year 
occurred between August 10 and August 30. In the south Missouri 
experimental orchard there was a definite increase of moths toward 
fall, while in central and north Missouri orchards second brood 
moths were much more abundant than third broo,d moths. 
Timing Sprays by Moth Emergence CL. Haseman, K. L. Par-
man, H. L. Koch, C. H. Baldwin, Lee Jenkins). In combating the 
codling moth accurate information must be available as to when 
and how abundantly moths are emerging and when the periods of 
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heaviest worm hatch occur throughout the spray season. Life his-
tory studies and moth emergence records provide this information. 
In old bearing orchards where worms have been a serious prob-
lem and where the set of fruit is good, growers are advised to use 
up to seven cover sprays. Less are recommended where the set of 
fruit is light and worms not serious. The timing of sprays by 
moth emergence records gave better control a'nd saved from one 
to two applications of spray. 
Spraying Investigations in the Control of Codling Moths (L. 
Haseman, K. L. Parman, H. L. Koch, C. H. Baldwin, Lee Jenkins). 
Certain spreaders and stickers, notably summer oil emulsion, used 
with arsenate of lead in those applications when we-rms were 
hatching most abundantly greatly improved control but, at the 
same time, increased the residue on fruit at picking time. 
The substitution of zinc arsenate, calcium arsenate, cryolite, 
fixed nicotine, and phenothiazine for arsenate of lead in the late 
cover sprays gave substantially the same control as where arsenate 
of lead was used in all applications. It reduced the amount of lead 
and arsenic residue on fruit at picking time. 
Where worms were not abundant and only three cover sprays 
were needed, phenothiazine and fixed nicotine gave somewhat 
better control than arsenate of lead. Little difficulty was encoun-
tered in removing spray residue by washing even when spreaders 
and stickers were used in the peak sprays. 
Growers who followed spray recommendatie-ns closely had bet-
ter control of worms this year than for the last several years. 
Spray Residue (L. Haseman, K. L . Parman, H. L. Koch, C. 
H. Baldwin, Lee Jenkins). At Marionville the spray residue at 
picking time varied from .168 grains of lead and .069 grains of 
arsenic to .022 grains of lead and .01 grains of arsenic per pound 
of fruit. At St. Joseph and at Elsberry the amount of spray residue 
was slightly greater. Where the last four cover sprays included 
phenothiazine in place of arsenate of lead the lead residue was 
reduced to .022 and the arsenic to .Oll. Where the last four lead 
sprays were replaced by' <l. fixed nicotine the lead residue was .024 
and the arsenic .010. Any of these amounts of residue was reduced 
readily to the Federal tolerance by washing. It is of interest to 
note that by replacing lead arsenate with non-arsenical sprays late 
in the season the residue at picking time can be kept at practically 
the Federal tolerance of .018 grains of lead and .01 grains of 
arsenic per pound of fruit. With further reduction in worm pop-
BULLETIN 387 61 
ulations and further improvement in non-lead and non-arsenical 
insecticides perhaps worms can be controlled satisfactorily without 
spray residue. 
The Effect of Weather and Parasites on Codling Moth CL. 
Haseman, K. L. Parman, H. L. Koch, C. H. Baldwin, Lee Jenkins). 
A scarcity of rainfall favors codling moth increase. The rain may 
wash off spray coverage but it also interferes with moth breeding. 
Moths will not fly and lay eggs in rainy weather and the young 
worms on hatching are prevented from entering the fruit. The 
recent dry years, therefore, have been favorable for moth increase 
but the excessive midsummer heat has been unfavorable. The light 
fruit crop of 1936 in most Missouri orchards proved a definite 
ha'lldicap to worm increase but the reduction in the amount of 
spray used \vas favorable to worm increase. 
Parasites, both introduced and native, were less active during 
the year and apparently their beneficial effects have been negligible. 
Moths from Packing Sheds (L. Haseman, K. L. Parma'll, H . L. 
Koch, C. H. Baldwin, Lee Jenkins). Codling moths will fly a 
quarter of a mile or more from a packing shed to an orchard. When 
the shed was located in the orchard worms were more abundant 
and more difficult to control in that part of the orchard. Thousands 
of moths mature from overwintering worms spun up in used con-
tainers and in cracks about the packing shed. Over 60,000 moths 
were trapped in one packing shed where about half that number 
of bushels of apples had been handled the fall before. 
Baiting Moths (L. Haseman, K. L. Parman, H.L. Koch, C. H. 
Baldwin, Lee Jenkins). Baiting experiments have indicated the 
futility of reducing worm injury by this means. However, the bait 
traps are of great value in studying moth flights and in charting 
worm activity. During the summer and falL they furnish the 
information for the control program. A 10 per cent solution of a 
commercial malt ferment was used in wide mouth jars hung high 
in the open tops of trees. The catch ·w'as recorded each morning 
and the solution changed every 7 to 10 days. 
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FIELD CROPS 
W. C. ETHERIDGE, Chairman 
Breeding Barley in Missouri for Feed (B. M. King) . Winter 
barley now is grown widely on almost all soil types in Missouri 
that are capable of producing other standard crops. The wide-
spread use of this crop is due to its superiority over other small 
grains for pasture a·nd in its production of an excellent feed grain 
which is ready for harvest in early summer when the farm sup-
plies of corn and other livestock feeds are low. Other advantages 
of the barley crop are the light draft on soil fertility as compared 
to that imposed by corn and the efficiency of barley as ~ nurse 
crop for clover and grass and as a protection of the la-nd from 
erosion. 
Better methods of growing and handling the barley crop for 
its several uses have been developed. 
Thirty-six varieties and strains were compared in a winter 
ba-rley nursery yield test at Columbia during the season of 1934-35. 
A wide variation in time of maturity, winter resistance, and pro-
ductivity was noticed. Among the highest yielding kinds were 
Tennessee No. 52, Wisconsin Winter, Alaska, C. 1. 2163, Cusado, 
and Michigan Winter. 
Four of the most promising varieties as shown by earlier yield 
tests were compared in field plot tests at Columbia and at three 
outlying experiment fields. The yields in bushels per acre obta-ined 
are shown in Table 9. 
TABLE 9.-YIELD OF FOUR VARIETIES OF WINTER BARLEY AT FOUR LOCATIONS 
IN MISSOURI 
Variety Columbia Elsberry Sikeston Grain Valley 
Missouri Early Beardless ___ 23.8 44 .9 27.8 31.8 Kentucky No. L __________ 24 . 3 75 . 1 49.7 40.9 Tennessee No. S ______ _____ 17.3 38.0 22 .9 Failed Tennessee No. 6 ___________ 18.6 45.1 20 .6 Failed 
The superiority of Missouri Early Beardless and Kentucky 
No.1 shown in the above is in accord with results secured in for-
mer years. The Kentucky strain generally has been found to be 
more productive of grain and slightly more resistant to winter 
injury than Missouri Early Beardless. However, it is less produc-
tive of fall pasture, is relatively late maturing, and is bearded. 
The wide variation in height, time of maturity, and other 
plant characters found in the Missouri strain indicate that it is 
a mixture of a large number of pure lines, and therefore may be 
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improved by selection. With this objective, 200 head selections 
were made in 1934 and grown in heCl'd rows during the 1934-35 
season. From these, 35 of the pure lines were selected on the basis 
of winter hardiness, earliness, productivity, and resistance to lodg-
ing and smut. 
Rotation Pastures (C. A. Helm). The pasture resources of a 
farm as a whole may be enlarged by dependable supplements 
adapted to grazing uses. Su,ch supplements consist mainly of fall-
sown grain crops to be grazed in both fall and spring and their 
companion crop Korean lespedeza which follows the grain pasture 
in early summer and is grazed from that time until early fall. In 
total production per acre a rotCl'tion pasture consisting of a grain 
crop and Korean lespedeza will exceed by far a permanent grass 
pasture, although the two types are supplementary rather than 
competitive, since they extend through different periods of the 
year. Table 10 shows the pasture capCl'city of the wheat-Iespedeza 
rotation as compared with the capacity of permanent pastures of 
bluegrass and orchard grass. 
TABLE 1O.-COMPARATIVE YIELDS OF PERMANENT, SUPPLEMENTARY, AND 
ROTATION PASTURES, 1935. 
Pasture 
Bluegrass ____________________ _ 
Korean lespc:deza _____________ _ Orchard grass ________________ _ 
Whe.t and Korean lespedez. ___ _ 
Period of Use 
Apr. 13-0ct. 3 
June 4-0ct. 3 
June 4-0ct. 3 
Apr. 13-0ct. 3 
Cattle Days Furnished 
per Acre 
173 
187 
151 
255 
The rotation of wheat and lespedeza: has been carried on in 
the same field without interruption for six years. The land has 
not been plowed since the first wheat crop was sown, but only 
disked in preparation for sowing the wheat each fall. The les-
pedeta has not been reseeded since the first spring. The cost of 
carrying on this rotation pC!:sture is obviously small. 
Corn Breeding Investigations (L. J. Stadler, G. F. Sprague). 
Yield tests of Experiment Station hybrids, commercial hybrids, 
and open-pollinated commercial varieties were planted at Mary-
ville, Columbia, Grain Valley, and Sikeston. The breeding plots 
were located at Elsberry on la:nd furnished by the United States 
Department of Agriculture, Division of Foreign Plant Introduction. 
The yield tests at Grain Valley and Columbia were complete 
o failures due to the drought. The results of the yield tests at Mary-
o ville and Sikeston are summarized in Table ·11. 
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TABLE 11.-COMPARISON OF DOUBLE CROSS HYBRIDS, OPEN-POLLINATED VA-
RIETIES, AND COMMERCIAL HYBRIDS AT MARYVILLE AND SIKESTON, 
MISSOURI. 
Average of commercial varieties _____________ .., _______ _ 
Average of commercial hybrids _____________________ _ 
Average of Station hybrids _________________________ _ 
Highest variety ______________________________ _ 
Highest commercial hybrid _____________________ _ 
Highest Station hybrid ________________________ _ 
Check (Reid's Yellow Dent) ________________________ _ 
Maryville 
41.3 
62.7 
57.4 
55.4' 
71. 3' 
73.5' 
41.3 
1110 Day Yellow 
'Midland 
'Funk 206 (Illinois) 
'Hoosier Hybrid (Indiana) 
'033 x K3) (L3 x G) 
8(J33 x B50) (L3 x G) 
Sikeston 
39.2 
39 . 8 
45.4 
49.4' 
43.2' 
54 . 28 
34.1 
The results of the Maryville test are unusual in indicating 
an average advantage of ,commercial hybrids over commercial 
varieties and over most of the Station hybrids. In previous tests, 
commercial hybrids have been little better than commercial varie-
ties and distinctly inferior to Station hybrids. Probably the unusual 
result of the 1935 test was due to the abnormally late planting made 
necessary by the wet spring season with the consequent shortened 
growing season insufficient for normal development of adapted 
varieties and hybrids. The results at Sikeston were substantially 
in agreement with previous results. 
A new series of inbred strains has been started by extensive 
selfing in selected plants of open-pollinated varieties. In order to 
make possible the early recognition of the most promising lines, 
the selected plants were both selfed and top crossed (by double 
pollination, using a top cross variety of contrasting endosperm 
color). This method permits the early elimination of the less 
promising lines and more intensive selection of the most promising 
lines during the early generations of inbreeding. 
Genetic investigations have been concerned chiefly with the 
analysis of the genetic effects of ultra-violet radiation. Unfiltered 
ultra-violet radiation applied to the pollen greatly increased the 
frequency of both entire and fractional endosperm deficiencies and 
the frequency of the deficiencies affecting the Fl plants. There was 
no significant increase in the frequency of translocation following 
ultra-violet treatment. Many mutations affecting seed and seedling 
characters were induced by the treatment. 
Similar trials with filtered radiatio·ns indicated that >..3130 and 
longer wave lengths were relatively ineffective in inducing defi-
ciencyand that >..3022 and shorter wave lengths were effective. 
Probably '\3022 was less effective than shorter wave lengths. The 
frequency of germless seeds induced by ultra~violet radiation is 
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low and decreased with decreasing relative intensity of the shorter 
wave lengths. 
A comparison of ultra-violet and X-ray treatment of mature 
polIen showed almost all X-ray induced deficiencies affected the 
endosperm as a whole, while a large proportion of the ultra-violet 
induced deficiencies were fractional affecting a:pproximately half 
of the endosperm. The frequency of entire endosperm deficiencies 
of A was much higher than that of Pr following X-ray treatment, 
but A a:nd Pr deficiencies were about equally frequent following 
ultra-violet treatment. 
Breeding Early Wheat for Missouri 0. M. Poehlman). An 
early maturing variety of wheat that will produce a satisfactory 
yield is desired in our l~iIissouri system of agriculture. It would 
escape much damage from rust and chinch bugs; it would avoid 
much lodging from late June rains; it would produce grain earlier 
for summer feed; and it would place the grain on an earlier market. 
It would a·Iso advance the growth of the legume sown in the wheat; 
or it would release the land earlier for a catch crop if a legume 
had not been sown or had failed. 
A fairly productive variety of wheat which matures from a 
week to ten days earlier than standard va'rieties in Missouri has 
been developed by this proj ect. It has been named Missouri Early 
Premium. To increase the disease resistance as well as yielding 
ability of the new variety a number of hybrids was made in 1930 by 
crossing this wheat with severa:l standard varieties. Early matur-
ing heads selected from these hybrids were grown in head rows for 
observation and increase in 1936. 
The yields of the three leading varieties of wheat at each sta-
tion where they were tested in 1936 were as follows: 
Columbia : Kawvale 32.2 bushels; Fulcaster 31.8 bushels; 
Michigan Wonder 30.6 bushels. 
Elsberry: Kawva:le 57.5 bushels; Fulcaster 54.2 bushels; Mich--
igan Wonder 38.9 bushels. 
Sikeston: Michigan Wonder 32.9 bushels; Kawvale 32.6 bush-
els; Fulcaster 32.0 bushels. 
Grain Valley: Michigan Wonder 33.8 bushels; Poole 32.0 bush-
els; Missouri Early Premium 30.7 bushels. 
Oats for Missouri Conditions (B. M. King). The marked su-
periority. of early maturing varieties of oats under Missouri condi-
tions has been demonstrated repeatedly. Of the eaTly maturing 
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kinds, Columbia and Fulghum, are the two best varieties now 
obtainable. Both of these, however, are susceptible to serious 
damage by loose and covered smut. 
An attempt to develop smut resistant strains, which possess 
the earliness, productivity, and other desirable fea-tures of Co-
lumbia and Fulghum, by hybridization and selection has been 
undertaken. Hybrids have been made by crossing Columbia and 
Fulghum with the smut resistant varieties, Markton and Navarro. 
These hybrids are now in the fourth and fifth generations. 
Strains selected from Fulghum x Markton and other hybrids 
were received from the United States Department of Agriculture 
in 1935 and were grown in observation plots. 
Breeding New Varieties of Soybeans (B. M. King). An effort 
is being made to produce a variety of soybeans embodying the 
desirable vegetative character of Virginia and the yellow seed of 
certain other varieties so that the new forms will be efficient in the 
production of hay and of commercial seed as well. 
In 1929 Virginia was crossed with Aksarben, B.P.I. 37062, 
Manchu, Midwest, Mikado, Morse, Yokotenn, and Ito San. In 
1934 two hundred individual selections were made from the 
progenies of two of the initial plant selections representing the 
sixth generation of the cross, Virginia x B.P.I. 37062. Plants were 
chosen that showed the vegetative character of Virginia and the 
yellow seed of the male parent. The selections were grown in 
plant-to-row plots the following season. Marked differences be-
tween the progenies were noted. One hundred of the most promis-
ing strains · were selected and grown in progeny rows in 1936. 
Fifty of these were saved for seed multiplication and comparison 
in a nursery yield test in 1937. 
In addition to the Virginia crosses listed twenty-three other 
successful soybean crosses were made in 1935. All of these have 
been discarded except three selections from the cross S.P.I. 37421 
x Morse, which seems promising for commercial seed production. 
Six successful crosses involving six parent varieties were 
made in 1932. These are now in the fourth generation. 
Twenty-three varieties and strains have been tested annually 
in the soybean nursery yield test for several years. Among this 
group are several standard corn belt varieties, str3Jins obtained from 
the Bureau of Plant Industry, strains of hybrid origin, and one 
pure line selection from U. S. D. A. strain 54563-3. 
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Cotton Varieties for Southeast Missouri (B. M. King). Cotton 
varietal experiments conducted at Sikeston on Lintonia fine sand 
gave the results shown in Table 12. 
TABLE 12.-RESULTS OF COTTON VARIETY TEST AT SIKESTON, 1935 
Pounds per Acre 
Variety Seed Cotton Lint % Lint Length of Lint 
Stoneville 2A ________________ 922 280.8 30.4 1-1/32 inches Stoneville L ______________ __ 1050 355.9 33.9 1-1/32 inches Stoneville 4A ___ ______ _______ 1110 346 . 3 31.2 1-1/32 inches Stoneville 5 _________________ 930 311.5 33 . 5 1-1/32 inches 
Delta Pine Land No. 10 ______ 750 249 . 0 33.2 1-1/32 inches 
Delta Pine Land No. lL _____ 945 334.5 35 . 3 1-1/16 inches Half-HaIL __________________ 742 302 . 0 40.7 13/16 inches Delfos 719 _____________ _____ 1252 374.3 29 .9 1-3/32 inches 
Delfos 719 led in acre yield of seed cotton and lint. In plant 
type, this strain was similar to Delfos 6102 which was grown widely 
in Missouri from 1924 to 1930. The newer strain was superior to 
the 61"02 strain in ball size and picking qualities. The extreme earli-
ness of Delfos 719 was a desirable feature when grown on very 
fertile land or \".,hen planted late. Stoneville 4A on account of its 
earliness, semi-dwarf growth habit, excellence of staple, good pick-
ing qualities and storm resistance seemed particularly well adapted 
for the Southeast lowlands. The dwarfy growth of this strain was 
an objectionable feature on poor land. The ranker growing Stone-
ville ,') and Delta Pine Land 11 proved more satisfactory on medium 
to poor soils. 
Increasing the Productivity of Missouri Pastures (E. M. 
Brown, J. M. Poehlman). A five-year comparison of three grazing 
systems (continuous , rotation, and supplemented) at Sni-A-Bar 
Farms has shown that in order to use bluegrass most efficiently and 
at the same time preserve the productivity of the sod: (1) the gra'ss 
should be fully utilized during periods of active growth (April, 
May, June, and September); (2) cattle should be rotated while on 
the grass; and, (3) supplementary pasture should be used during 
the greater part of July and August. A combination of rotation and 
supplemented grazing satisfies all three of these requirements. A 
bluegrass pasture managed so as to combine the rotation and sup-
plemented systems of grazing produced live-weight cattle gains 
28 per cent greater and provided 20 per cent more pasture days of 
grazing during 1936 than a comparable pasture grazed continu--
ously. 
The recent series of dry, hot summers, has emphasized the need 
not only for strains of bluegrass better able to withstand the effects 
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of drought and high temperatures, but also for more information 
regarding the temperature relation of the more important pasture 
grasses. A breeding progmm designed to develop through selection 
and hybridization strains of bluegrass more resistant to the 
effects of heat is now weIl under way. 
Nitrogenous fertilizers applied on the surface of good bluegrass 
sod improved the palatability and increased the early productivity 
of the grass. Applications of superphosphate ranging up to 300 
pounds per acre annually had no apparent effect on the bluegrass at 
Sni-A-Bar. However, during 1935 and the spring of 1936 when 
weather conditions were favorable to the natural establishment and 
spread of white clover, heavy annual applications of superphosphate 
(360 pounds per acre annually for 5 years) on an unproductive blue-
grass redtop sod greatly stimulated the establishment of white 
clover, while heavy annual applications of nitrogenous fertilizers 
stimulated the growth of the grass but retarded the establishment 
of clover. Lighter applications of superphosphate (300 pounds 
per acre once in four years or 180 pounds per acre in alternate 
years) had little effect on either the grass or the clover. 
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HOME ECONOMICS 
MABEL V. CAMPBELL, Chairman 
The Demand for Textile Fabrics for Various Purposes (Jessie 
V . Coles). Data were secured by a questionnaire on the demand for 
window curtains, blankets, sheets, towels, house dresses, after-
noon dresses, and hosiery. A total of 40 homemakers answered 
the questionnaire. Ready made window curtains costing from $1.00 
to $1.49 a window were in greatest demand. Curtain materials 
costing from 50c to 74c per yard for the living room and 24c and 
less for the bedroom were in most demand. Marquisette was the 
fabric preferred especially in the lower price ranges. By far the 
greatest demand was for cotton materials. 
Single blankets, 90 inches long and costing from $2.00 to $7.00 
were preferred. Wool blankets were much preferred to part-wool. 
Cotton blankets were least in demand. Sateen binding was prefer-
red as edge finish. Qualities considered most important for wool 
blankets were warmth, light weight, softness, and resistance to 
moths. 
Ready-made sheets costing from $1.00 to $1.49 and sheeting 
costing less than 45c a: yard were in demand. Durability was con-
sidered the most important quality. A soft texture also was im-
portant, especia:l1y to those who bought higher priced sheets. 
Ready-made bath towels made from cotton turkish toweling 
costing from 20c to 29c each were in greatest demand, although a 
considerable number also were bought at from 30c to 49c each. 
The qualities desired were durability, softness, absorbent capacity, 
and ease of laundering. In some cases attractiveness and heavy 
weight were considered essential. Ready-made hand towels cost-
ing from l5c to 20c each and hand toweling material costing from 
lOc to 19c a yard were in demand. Qualities considered most im-
portant for hand towels were durability, absorption, ease of laun-
dering, a·nd attractiveness. For dish towels the greatest demand 
was for home-made cotton dish towels made from flour or sugar 
sacks . Linen usually was preferred but not used on account of 
the expense. 
In house dresses the greatest demand was for ready-made 
dresses costing from $1.00 to $2.00 and for fabrics costing from 
lOc to 29c a yard. Materials which were color fa:st and resisted 
shrinking were preferred. In order to be entirely satisfactory to 
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homemakers ready-made garments need to be more carefully con-
structed than at present and proportioned and designed to suit 
women of different builds. 
Afternoon dresses that were priced at less than $20.00 were in 
greatest demand. Pure dye and washable silks were popular. 
Rayon fabrics needed improvement both in appearance and dura-
bility and confusion between this fiber and silk should be eliminated 
by adequate labeling. There was a great demand for cotton fabrics 
and ready-made afternoon dresses suitable for summer wear. 
Women buying ready-made dresses at various price levels ask for 
better seam construction than that now is available in these gar-
ments. 
The greatest demand in slips was for ready-made articles 
costing less than $2.00 and for fabrics costing less than $0 . 75 per 
yard. The demand was for pure dye silks, more satisfactory rayons, 
and pre-shrunk fabrics in all fibers. The need for informative lab-
eling again was apparent. 
In hosiery the demand was for hose costing less than $1.00, 
especially for those costing between $0.75 and $1.00. A desire was 
expressed for labels to inform buyers as to the exact length being 
purchased. Pre-shrinking and color-fast dyes were needed in hose 
as well as in dress and slip fabrics. 
The Influence of the Condition of the Ewe on the Cooking 
Quality of Mutton (Jessie Alice Cline, Inez M. Eckblad). Carcas-
ses from old thin ewes, old fat ewes, and young fat ewes were com-
pared as to cooking losses, cooking time, palatability, and serving 
value of various cuts of mutton cooked at three oven temperatures. 
Cuts from fat ewes as compared with cuts from thin ewes show-
ed that those from fat ewes gave greater total cooking losses and 
more drippings; gave less evaporation loss; required less gas per 
unit weight, and less time per unit 'weight to cook; were superior 
in tenderness, juiciness, and desirability of flavor of lean; a-nd gave 
a higher percentage of edible meat from legs, shoulders, and chops, 
and a lower percentage for ground meat loaf. 
As oven temperatures increased the total cooking losses of 
legs and loaves increased. This increase in cooking losses was 
greater between 150 0 and 175 0 Centigrade than between 125 0 and 
150 0 Centigrode. As the oven temperature increased the total cook-
ing losses of shoulders and chops decreased. A much increased 
cooking time per unit weight at a lower oven temperature was no 
doubt a factor influencing the total cooking losses. The lower the 
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oven temperature the greater the cooking time per unit weight and 
the less the gas required to cook each unit weight of a cut. Oven 
temperature over a narrow range 125 0 to 175 0 Centigrade had 
a very slight influence on the tenderness, juiciness, and desirability 
of the flavor of the fat and no consistent influence on the other 
factors of palatability. The lower the oven temperature the higher 
the percentage of edible meat of legs and loaves. 
Larger cuts lost a smaller percentage of the total weight and 
required less time and less gas per unit weight to cook than 
did smaller cuts. Cuts with a greater proportion of cut surface 
gave greater cooking losses than those with smaller percentage of 
cut surface. Chops were more tender than ground mutton loaves, 
legs, and shoulders. 
In juiciness, chops, legs, and shoulders showed close ranking. 
Round mutton loaves ranked the lowest. Ground mutton loaves 
yielded the highest percentage of edible meat and the other cuts 
ranked from high to low as follows: legs, shoulders, loin chops, and 
rib chops. Legs and shoulders yielded similar amounts of slice-
able meat per pound of uncooked mutton but the legs were easier 
to carve and yielded more attractive servings than did the shoulders. 
The results of this investigation would justify the following 
recommendations: 
1. That legs, shoulders and chops from old and young fat ewes 
rather than thin old ones should be selected; 
2. That ground mutton from the thin animal be selected in order 
to secure a greater percentage yield of edible meat; 
8. That mutton legs and loaves be roasted at 150 0 Centigrade, 
shoulders at 175 0 Centigrade, and chops at 175 0 Centigrade af-
ter a searing period; 
4. That drippings from ground meat especially be used in gravy 
to improve flavor and juiciness of this cut; 
5. For ease in carving and serving that leg of mutton be selected 
rather than shoulder, although the serving values per pound 
of each cut were similar; 
G. That legs and shoulders rather than chops be selected when 
cooking losses, fuel consumption, serving value, and all fac-
tors of palatability except tenderness were considered; 
7. That large pieces rather than small pieces of meat be cooked 
in order to minimize cooking losses, time, and fuel required 
per unit weight and to increase juciness. 
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HORTICULTURE 
T. J. TALBERT, Chairman 
Biochemical Studies of Photop'eriodic Effects in Plants (A. E. 
Murneek, A. D. Hibbard). Enzymatic changes in photoperiodic 
responses of the Biloxi variety of soybeans grown under long-day 
(14-hour) and short-day (7-hour) exposure to light were examined 
for differences in the activity of some of the common oxidizing and 
hydrolyzing enzymes. 
Preliminary determinations made on plants that had incli-
cated a definite response to the short-day treatment by a production 
of flower buds, showed a greater ca:talase and peroxidase activity 
in the leaves than was exhibited in long day plants. Later studies, 
made on plants at three-day intervals after the beginning of the 
treatment, showed that catalase was more a'ctive in the leaves of 
long-day plants at first but rapidly declined as the plants became 
older. In those exposed to a short day catalase declined in activity 
very rapidly at first, so that the relative concentration of it was 
much less under short than long photoperiods. A constant level 
was soon reached, however, and by the 15th or 20th day after the 
beginning of the treatment the short-day plants were ahead of the 
long-day ones in this respect. Such differences were not observed 
in peroxidase activity. 
Invertase behaved similarly to ca'talase. No consistent differ-
ences in amylase activity could be observed in the two groups. 
Influence of Length of Day on Structural Development of the 
Soybean Plant, Variety Biloxi (A. E. Murneek, E. T. Gomez). 
The results of this investigation have been published as Missouri 
Agricultural Experiment Station Research Bulletin 242, 1936. 
Separation of Certain Types of Response of Plants to Photo-
period (A. E. Murneek). By moving plants of various species from 
short- to long-day exposure to light, and vice versa, in various 
combinations, it was possible to separate the effects of photoperiod 
on increase in stature and on sexual reproduction. For example, 
when Rudbeckia plants were given a changing natural length of 
day of 10-13 hours and then subjected to either a short (7 hour) 
day or a long (14 hour) clay, four types of development were 
obtained. 
Short-day Exposure 
1. Plants producing strictly vegetative rosettes only. 
BULLETIN 387 73 
2. Plants with rosette plus one central flower. 
3. Rosette plants with "vegetative flowers." 
Long-day Exposure 
4. Normal plants-taIl and producing many flowers. 
Sexual reproduction under short-day exposure was the result 
of "photoperiodic induction" or "after-effect." 
The formation of partially developed or "vegetative flowers" 
pointed to the fact that it takes a certain "dosage" or number of 
days to induce fully the initiation and growth of reproductive 
organs. A treatment short of this necessary minimum will result 
in partly vegetative flowers. The mechanism of photoperiodism, 
therefore , was not "trigger-like" in its action, but possibly a cer-
tain substance or substances have been produced gradually. The 
quantitative accumulation of these resulted eventually in the de-
velopment of reproductive organs. 
Apogiotropic retardation in the soybean, variety Biloxi, when 
exposed to a 7-hour photoperiod, was initiated about the time the 
first primordia of flower buds were formed. That neither the flowers 
nor fruits inhibit stem elongation was demonstrated by disbudding 
and defloration experiments. The curtailment of stem elongation 
by a photoperiod has been designated as photoperiodic inhibition. 
Embryo Growth and Development of the Apple (A. E. M ur-
neek) . Abscission of immature apples was found to be due to (1) 
improper pollination and fertilization and (2) embryo abortion. 
Histological studies have shown that fruit from the first and second 
drops contained no embryos and the nucelli were collapsed badly. 
Embryos usually were present in fruits of the third and four th 
drops, but they were much smaller in size and frequently exhibited 
irregularities in shape as compared to those in the persisting fruit 
collected at the same time. The third and fourth drops of the apple , 
therefore, were due to deficient nutrition o'r other physiological 
causes, resulting in slower development and frequent abortion of 
embryos and subsequent abscission of the fruit. 
Artificial Culture of Apple Embryos and Ovules (A. E. Mur-
neek, J. R. Jackson). An attempt has been made to grow apple 
embryos a'rtificially in order to obtain information on their nutri-
tional requirements. The six-salt White's and five-salt Crone's 
solutions in agar with 20 and 40 parts per million of yeast extract, 
peptone, and 2 per cent of sucrose, dextrose, and asparagine in 
various combinations have been used as culture media. Embryos 
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with and without ovular tissue have been grown in the above media 
under sterile conditions. The embryos of the first, second, and third 
drops were apparently too young to be cultured successfully in 
vitro. Growth studies of the fourth drop and of persisting fruit sug-
gested that many of the embryos and ovules from the abscissed fruit 
of this last drop were capa:ble of further development. No culture 
medium used gave a conspicuously better growth. Therefore, the 
best medium for apple embryo culture is yet to be discovered. 
Comparative Study of Calcium Cyanamid, Sulphate of Am-
monia, and Nitrate of Soda as Fertilizers for Apple Trees CA. E. 
Murneek, G. E. Smith). Studies of penetration of calcium cyanamid 
showed that in no case did the cyanamid radical penetrate over 2 
inches below the surface of the soil. The downward movement 
of ammonia was slow, which indicated that the loss from leaching 
would be negligible. 
When the three fertilizers were applied ea'r1y in the fall before 
rains set in, the ra'te of intake of nitrogen by the roots was slower 
than when the applications were made late in the fall, when there 
was considerable precipitation. Fall applications of cyanamid gave 
consistently higher percentages of nitrogen in the roots than fall 
fertilization with nitrate of soda. In this respect the difference 
between calcium cyanamid and ammonium sulphate was insignifi-
cant. Bluegrass under spring fertilized trees had a greater percent-
age of nitrogen than that under fall fertilized trees. 
Recovery of nitrogen from spring fertilization, as judged by 
nitrogen content of leaves, was slightly greater from nitrate of 
soda than either sulphate of ammonia or calcium cyanamid. When 
the effects of time of application of fertilizer were studied and all 
portions of the tree considered, late fall fertilization with cyan-
amid gave greater percentages of nitrogen in various tissues, a 
greater recovery of nitrogen, and a greater amount of shoot 
growth than use of this fertilizer at other times of the year. 
Substitutes for Lead Arsenate in Codling Moth Sprays (C. G. 
Vinson). Seven sprays of the arsenical containing iron and cal-
cium were applied to Ben Davis trees in the season of 1935. Owing 
to weather conditions as contrasted to the season in 1'934 arsenical 
injury to the foliage by these materials was quite pronounced and 
the spray also failed to control codling moth. Five sprays contain-
ing the Lloyd's reagent-nicotine combination were applied to apple 
trees during the growing season of 1935. A Stay man Winesap tree 
was sprayed with Lloyd's reagent-nicotine combination alone. A 
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Golden Delicious tree was sprayed with Lloyd's reagent-nicotine 
combination to which had been added a spreading and sticking 
agent. To another Golden Delicious tree the spray was applied in 
combination with only a spreading agent. 
Where the spreader was used the Lloyd's reagent, in spite of 
hea vy June rains, adhered much better. At picking time, the tree 
upon which the so-called spreading and sticking agent had been 
used produced 1404 apples. Of these fruits 16.6 per cent showed 
injury from codling moth larvae. Where the other agent was used 
a total of 3942 apples was harvested, 16.4 per cent of which showed 
injury from codling moth. Adjacent trees sprayed with lead arsen-
ate showed a percentage of fruit injured by codling moth of 16.8. 
Lead arsenate was used at the rate of 3 pounds to 100 gallons 
of water. Nicotine sulfate was used at the rate of one pint to 
100 gallons of water. 
Zinc Arsenate as a Substitute for Lead Arsenate (H. G. Swart-
wout). Tests with zinc arsenate as a substitute for lead arsenate 
in the control of codling moth gave encouraging results in 1933 and 
1934. In 1935, which was an unusually wet season, zinc arsenate 
caused severe injury to the trees. A hydrated ferric oxide was used 
with the zinc arsenate as a corrective but failed to show any 
significant effect. The zinc arsenate also failed to give as good 
results as lead arsenate against codling moth. 
The Effect of Some Summer Oil Sprays Upon the Carbon 
Dioxide Absorption of Apple Leaves (R. A. Schroeder). The ef--
fect of various summer oil sprays upon the carbon dioxide intake 
of apple leaves has been studied by using Delicious trees growing 
in large pots and measuring the carbon dioxide intake with a slight-
ly modified Heinicke and Hoffman apparatus. As nearly (l!S possible 
leaves of uniform size, color, age, and position were selected for 
each series of determinations. Three mineral oils and two vegetable 
oils were used. All the oils were made into cold stirred oil stocks 
and the dilutions were made just before each application. 
Increased viscosity and increased percentage of oil in the spray 
reduced the carbon dioxide absorption. There was a further reduc-
tion following the application of the second spray. With vegetable 
oils the recovery was less than with mineral oils. 
Washing Apples (C. G. Vinson). Since substitutes as effective 
as lead arsenate in the control of codling moth have not been 
found washing or cleaning investigations for the removal of spray 
residue have seemed advisable. A home-made flotation washer 
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has been found quite effective when the machine was slowed until 
it required two minutes for the fruit to pass through. A one per 
cent solution of hydrochloric acid was used in the wash section at 
a temperature of about 80 0 F. A contact agent may be used satis-
factorily in a flotation washer without troublesome foaming. 
A new type of underbrush flood washer was used during the 
season of 1935. In passing through this machine the fruit was in 
contact with the wash solution 30 seconds. Water alone, at a 
temperature of 78 0 F. reduced the lead content of the spray residue 
as much as 50 per cent when the original lead did not exceed .050 
grain per pound of fruit. 
Where neither oil nor sulphur fungicide ha,d been used with 
lead arsenate, 1.2 per cent hydrochloric acid reduced the lead con-
tent from .080 to below tolerance limits at 60 0 F. Where the lead 
content of the residue was .100 grain per pound of fruit the hydroch-
loric acid wash did not reduce the residue of lead to within the 
tolerance limits. With the use of oil for each cover spray, 1.2 per 
cent of hydrochloric acid plus 4 pounds of a wetting agent to 100 
gallons did not reduce the lead content of the spray residue to 
within tolerance limits at 65 0 F. In order to successfully reduce 
the lead and arsenic content it ,vas necessary to heat the wash 
solution to 100-110 0 F. Where a sulphur fungicide and oil both 
had been used it was necessary to increase the time of contact to 
45 seconds as well as heat the wash solution containing the 
wetting agent. 
Treatment of One-Year-Old Apple Trees Mith Thiourea (C. 
G. Vinson). One-year-old apple trees (whips) in the dormant con-
dition after treatment with a solution of thiourea tended to put 
forth branches from most of the lateral buds. Dominance of the 
terminal or apical bud thus was reduced or eliminated. When 
exposure was sufficiently long or the concentration of thiourea 
sufficiently high the terminal bud may be killed entirely and a 
reversal of apical dominance obtained. There were optimum condi-
tions of exposure and concentration, depending on variety and con-
dition of the tree, for promoting best results in good growth of 
well distributed shoots from lateral buds. Such trees grew into 
shapely trees with strong well distributed scaffold branches. Spiral 
girdling of branches resulted in a check in the growth of such 
branches. This check was not overcome readily. When prompt 
and proper healing of the wound was not obtained, permanent 
weakening of the branch resulted. 
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Effects of Nitrogen Fertilizers on Nitrogen and Carbohydrate 
Content and Flower and Fruit Production of the Strawberry CA. E. 
Murneek, J. H. Long). Uniform asexually propa:gated strawberry 
plants, var. Aroma, were grown in pots in rather poor soil but amply 
supplied with superphosphate and sulphate of potash. When estab-
lished they received either organic (dried blood) or inorganic 
(sulphate of ammonia) nitrogen fertilizers, or both, either in the 
fall or in the spring. Plants grown in the field also were trea:ted 
similarly. 
N either dried blood nor sulphate of ammonia, singly or in 
combination, affected markedly the seasonal variations in nitrogen 
and carbohydrate content of the plants. Nitrogen fertilizers of all 
forms used increased the number of flowers produced per pla:nt. 
The addition of nitrogen fertilizers in the fall and in the spring 
to plants grown in pots resulted in a larger leaf area, a greater 
leaf to root ratio, and a higher nitrogen content in all parts of the 
plants. Fruit production, however, was a:ffected but slightly. If 
the fall supply of nitrogen was deficient, then the spring application 
of nitrogen caused more flowers to develop. 
In order to realize the best results from the use of nitrogen 
fertilizers, it seems desirable to know the relative amounts of 
organic food reserves present in the plant in the fall. An absolute 
amount of .118 grams of nitrogen per plant of the Aroma variety 
seemed to be prerequisite for the production of a: maximal number 
of flowers. A total leaf area of 300 sq. cm. per plant also was essen-
tial. Values above these were not conducive necessarily to increased 
yields of fruit of this variety. 
Nutrition of the Grape (H. G. Swartwout). The drought of 
1934, with an accumulation of moisture deficiency, so affected the 
vines tha:t the fruit failed to mature properly and the vines were 
so weakened that heavy pruning in the winter of 1934--35 was nec-
essary. The resulting crop in 1935 was very small but the vines 
made a nice recovery. There was no significant difference between 
the fertilized and unfertilized vines in their resistance to the drought 
and the light crop in 1935 was about the same for all. Heavy ap-
plications of sulphate of ammonia (2 and 3 lbs. per vine) and equal 
parts of sulphate of ammonia and nitrate of soda: in the fall of 1935 
showed no visible effect on the vine growth the spring and summer 
of 1936. Analysis of the heavily fertilized and untreated vines 
showed no difference in the nitrogen content of the various parts-
canes, trunks, large roots and small roots. 
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Virus Diseases of Plants (C. G. Vinson). The pa:rticle size of 
the causal agent of mosaic disease of tobacco has been determined 
to be about 4.041 -+- .292 millimicrons in radius. This particle is 
approximately the same size as some of the proteins and some 
of the enzymes. 
Solutions of certain secondary protein deriva'tives when in-
oculated into healthy plants induced typical mosaic symptoms in a 
small percentage of such inoculated plants. Such secondary protein 
derivatives used so far were not of plant origin. 
Salting out experiments with the virus from juice of diseased 
plants were ca:rried out first in 1927, using ammonium sulfate in 
solution and also in solid form. It was learned at that time that 
the virus could be salted out. However, a nitrogenous salt obvious-
ly was not altogether satisfactory for salting out a nitrogenous 
fraction. It may be possible to wa:sh out the excess salt but this 
was neither certain nor easily accomplished. Magnesium sulfate 
was used later. This salt had one advantage over ammonium sul-
fate, that of being non-nitrogenous Large qua·ntities of magnesium 
sulfate, however, were required to salt out the virus. 
Aluminum sulfate has been used siilce 1931 to flocculate the 
virus from purified virus fractions. It has been useful especially in 
obtaining the virus in a solid fraction from the active aqueous phase 
resulting from decomposition of the safranin virus precipitate. Such 
aluminum precipitates were quite active. It is now possible to 
precipitate the virus from juice of diseased plants by means of 
aluminum sulfate. Relatively small quantities of aluminum sulfate 
are required . Fractional precipita:tion to eliminate pigment is pos-
sible. The precipitate is sufficiently heavy to pack well on centri-
fuging. Since aluminum sulfate is non-nitrogenous the nitrogen 
content of the various fractions may be determined more accurately. 
Vegetables 
Breaking the Rest Period of Spring-Grown Irish Potatoes for 
Fall Planting (T. J. Talbert, R. A. Schroeder). Va:rious treatments 
were used in an effort to use spring grown Irish potatoes for fall 
planting. However, in no case was a satisfactory germination of 
the treated seed potatoes secured. Most of the treatments ga've 
a germination of from zero to 20 per cent. The germination of 
old seed potatoes stored in cold storage ranged from 64 to 92 
per cent. The treated cut seed pieces had a higher germination 
percentage than did the treated whole seed pieces. 
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Cabbage Variety T rials for Disease Resistance (H. C. Swart-
wout. R. A. Sch roeder). Varieties of cabbage. both resistant and 
susceptible to cabbage yellows, \vere grown to compare their. 
dates of maturity. total yield, average \\'eight per head, percentage 
of totalnumher of heads han'ested at each cutting, amI percentage 
of tota l weight hanestecl at each cutting. 
The results indicated that varieties of cabbage which were 
resistant to yellows can be grO\\,l1 in place of the susceptible varie-
ties without sacrificing earliness or total yield, except possibly for 
a variety to rep lace Golden Acre as an early commercial variety. 
Jersey Queen which has. in general, the same date of maturity 
as Golden A.cre probably does not yield heavily enongh for com-
mercial prodncers. It was very satisfactory as an early home gar-
den variety. The other resistant varieties tested which ,\vere satis-
factory under normal conditions were Marion Market and Globe. 
Early Copenhagen, which was very uniform in 1934. had some badly 
off-type heads this year. The percentage of off~type heads was 2.G. 
Cultural Management Practices w ith Sweet Potatoes (R. A. 
Schroeder). Various fertilizer treatments were applied upon Nancy 
Hall and Small Stem Yellow Jersey variet ies of sweet potatoes. 
The season was extremely dry for the entire gro\ving period, mak-
ing the availability of the fertilize~- doubtful. A wilt disease caused 
either by F~uariu1n batatatis or Fusari~t1n hyperoxysporu1n or both 
entered early and caused considerable injury. There was no visible 
difference in the top growth between the various fertilizer treat-
ments . Table 1 ~1 shows the results secured from the different 
fertilizers. 
TABLE 13.-EFFECTS OF FERTILIZER T REATMENTS ON SWEET POTATOES 
Yield in Bushels Per Acre 
Small Stem 
Trentmcnt Rate Lbs. per Acre Nancy Hall Yellow Jersey 
2-12-6 1000 129 119 
2-12-6 500 120 145 
2-0· 0 500 119 111 
0-12-0 500 113 125 
0-0-6 500 119 90 
Check None 115 113 
Setting Tomatoes While the Vines are Developing Fruit (R. A. 
Schroeder). An attempt wa's made to keep tomato flowers setting 
after the production of 3 or 4 hands. Tomato vines were permitted 
to develop laterals and continue their terminal growth, setting as 
many fl owers as possible. These flowers were hand pollinated. The 
results indicated that it was possible to control growing concli-
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tions to prevent tomato flowers from abscissing due to the inhibit-
ing effect of developing tomatoes. The tomatoes matured the 
latter part of December and the picking season continued into the 
latter part of May. 'I'he plants averaged ten pounds of fruit per 
vine during· that time. 
Experiments in Pollination of Tomatoes (R. A. Schroeder). 
Hand pollination again proved to be the most successful method of 
insuring a set of tomatoes under fall and mid-winter greenhouse 
conditions. Using the number of fruit set by hand pollination as 
100 per cent, the percentages set by the methods used were as 
follows: 
Hand pollination ___________________ _____ __________ 100 per cent 
Shaking of Vines ________________________________ 80 per cent 
Emasculation Method ________________________ 65 per cent 
Check _______________ ,-------------------------------------- __ 35 per cent 
Effect of Fertilization upon Tomato Flowers CR. A. Schroe-
der). Roots were forced out from the stem of a series of tomato 
plants about 8 inches above the ground level by injuring the stem 
with a' pin and placing moist sphagnum moss over the wounded 
region. After the roots developed different fertilizers in solution 
were added to the sphagnum moss. This permitted growing plants 
in a common media and giving adjacent plants different fertilizer 
treatments without danger of having the fertilizer treatments 
affect the adjacent plants. All the flowers were hand pollinated_ 
The results obtained showed no difference in set due to fertilizer 
treatment or any significant difference between the various fer-
tilizer treatments and the check. The vegetative growth made by 
the plants did not differ greatly. 
BULLETIN 387 81 
POULTRY HUSBANDRY 
H. L. KEMPSTER, Chairman 
Nutritional Requirements of Poultry (H. L. Kempster, E. M. 
Funk). Rhode Island Red hens fed all mash rations varying in 
sources of vitamin A showed slight variations in egg production 
depending upon the ration. Excessive mortality which could not be 
attributed to the rations, and extreme low winter temperatures 
proved a serious handicap. The rations containing 35 per cent 
yellow corn, and 35 per cent yellow corn plus 2 per cent cod-liver 
oil produced less eggs than did the ration containing 65 per cent 
yellow corn. The addition of 10 per cent alfalfa leaf meal or 5 per 
cent alfalfa- meal and one per cent cod liver oil to the 65 per cent 
yellow corn ration resulted in a slight increase in egg production. 
The Rate of Growth of Chicks Under Normal Conditions (H. 
L. Kempster, E. M. Funk). White Leghorn and Rhode Island 
Red pullets in 1935 grew at a more rapid rate than the six-year 
average, especially up to the age of 24 weeks after which the 
weights for the Rhode Island Reds approximated the standard 
whereas the Leghorns maintained their weight advantage. This 
was probably due to the development of a strain whose mature 
weights were somewhat above that of a few years ago. 
The data substantiated earlier observations that abnormally 
high temperatures resulted in retarded growth, although this was 
not as marked as in 1934 clue to the lower temperatures that pre-
vailed up to July 1, 19:36. At forty weeks of age the Leghorn pul-
lets weighed 3.5 lbs. ; the White Rocks, 5.0 lbs.; and the Rhode 
Island Reds, 5.5 lbs. 
For the first four weeks there were no significant differences 
in the normal gains of the three breeds. After the 5 to 8 weeks 
period the Rhode Island Red pullets made greater gains than the 
White Rock pullets, with the exception of the 25-28 weeks period. 
The greatest gains made for any four weeks interval were in the 
9-12 weeks period. This was true for all three breeds. 
The differential sex growth became apparent at eight weeks 
of age and increased as the chicks grew older. 
At fo-rty weeks of age there was no significant difference in 
the weights of pullet progeny from hens in their first year of 
production and those in their second year of production or older. 
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From fOUl- to twenty-eight weeks of age \Vhite Leghorn pullets 
hatched earlier in the hatching season \vere heavier than those 
hatched later in the season_ \Vith \Vhite Rocks and Rhoele Island 
Reels the earlier pullets maintained a weight advantage until about 
thirty-two weeks of age_ 
Pullets hatched the first t\\"o weeks in February grew faster 
to twenty weeks of age than those hatchecl e ight w eeks later in the 
season after which time the later checks grew faster to thirty-two 
weeks of age_ At forty weeks of age there was little elifference in 
the weights of the groups of the sam e breed_ 
The variations in the nature of th e periodic gains of early and 
late hatched pullets were associated \vith climatic conditions, espe-
cially average maximum and mean temperatures for the periods_ 
The Feed Purchasing Power of the Eggs Laid by a Hen (l-I. L-
Kempster) _ A more favorable relationship between feed and egg 
prices prevailed in 1D35 than in ID34_ 'the eggs from a 1.22-egg hen 
would purchase 1;)5 pounds of feeel or an increase of J~) pounds 
over the previous year. Feed prices decli ned from 1-1',' per cent of 
the HllO-H price average in January to D4 per cent in November. 
The price of eggs in January was % per cent of the lfHO-14 average 
but rose to US per cent in July. The farm price of feed based on a 
mixture of corn, wheat, anc! oats, 5-:3-;3 ranged from $1.81 in Jan-
uary to $1.20 in December. Egg- prices fluctuated from l~'A cents a 
dozen in March to ;W.1 in November and did not fall belo,,\' 1D cents 
throughout the summer. The egg-feed ratio for the year was 7.~8_ 
Table 14 shows the comparison with previous years. 
1930 ____ _ 
193'- ___ _ 
1932 ____ _ 
1933 ____ _ 
1934 ____ _ 
1935 ____ _ 
TABLE 14_-EGc-FEED RATIO, 1930-1935 INCLUSIVE 
An'rag-t· Farm Price of Aver:l./:te F~lrm Price of 
Feed per 100 IWllnds Eggs per D ozen 
»1. 50 
.93 
. 5~ 
.80 
I. 27 
I. 50 
21.0 
14.1 
10.8 
10.2 
13.6 
20.6 
POll nds of f ccd 
122 Eg!(s \\ioll.d 
Pu rchasc 
138 
146 
196 
143 
116 
135 
Eg.~-feed 
Ratio 
7.10 
6.95 
5.37 
7.81 
9.3 4 
7.28 
Temperatures of Eggs Incubated Naturally (E. 1\1. Funk), 
·By using a thermo-couple the temperature of the top and bottom 
of eggs being incubated by the domestic fowl were recorded. The 
thermo-couples were arranged to record the temperature between 
the shell and shell membrane. Within 30 minutes after the hen 
began sitting the top of the egg was a:bove 90 0 F_ Since the embryo 
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is located near the top of the egg, embryonic development begins 
soon after the hen begins sitting. 
Seven hours after the eggs were placed under the hen the dif-
ference between the temperature of the top and bottom of an egg 
located in the center of an excelsior nest ,vas 10.10 F. Less than 
three hours ,vas required for the top of the egg to reach a tempera-
ture of 100 0 F. 
The Relation of the Size of the Egg Clutch to Hatchability 
(E. M. Funk). An analysis of hatching and egg production records 
showed that those birds \vhich laid every other day or less often 
produced eggs with relatively poor hatching po\ver. In 1985 an 
accurate hatching recorel was kept on individual eggs so that the 
relationship of the position of the egg in the clutch (eggs laid on 
successive clays) coule! be correlated with hatching results. The 
results showed that the position of the egg in the clutch was not a 
factor affecting hatchability. However, those birds that laid three 
egg clutches produced eggs which hatched better than the birds 
that laid single egg clutches. 
Relation of Candling Appearance to Hatching Results (E. M. 
Funk). To determine the relationship of yolk movement and 
hatchability naG eggs 'Were candled the day they were set and 
three conditions of movement of contents were noted. The results 
are given in Table 15. 
TABLE IS.-THE RELATION OF CANDLING ApPEARANCE TO HATC'I-IING RESULTS. 
LEGHORN EGGs-1936 -- . , 
IvIovemcnt of 
Co ntents 
Slow. _________ . __ 
n,1ediu m _________ _ 
Rapid ___________ _ 
Eggs set 
376 
533 
227 
Percentage 
I nfe rti.e 
10 
8 
9 
All Eggs 
78 
79 
66 
Fertile eggs 
87 
86 
72 
Apparently a superior hatching egg can be selected by cand-
ling. 
Factors Influencing the Production and Keeping Qualities of 
Eggs (E. M. Funk). The ma:nagement of the flock as affecting 
clean eggs has been studied. Shavings, straw, and oat hulls proved 
satisfactory materials for litter in laying houses. The percentage 
of clean eggs produced in each of these pens did not differ signifi-
cantly. For nesting materials excelsior, oat hulls, shavings, straw, 
sugar cane pulp, and sawdust were used with satisfactory results. 
A significantly larger proportion of dirty and broken eggs was 
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produced by hens kept in hen batteries than was produced by hens 
kept in laying houses. 
Consumer Preference for Eggs with Different Amounts of 
Thick White (E. M. Funk). Two hundred fifty-two people were 
asked to indicate their preference for eggs with different amounts 
of thick white. These eggs were freshly broken out of the shell. 
The preferences of these consumers are shown in Table 16. 
TABLE 16.-RESULTS OF A SURVEY: MADE IN COLUMBIA, MISSOURI OF CONSUMER 
PREFERENCE FOR EGGS WITH DIFFERENT AMOUNTS OF THICK WHITE. 
MAY 16, 1936. 
Condition 
1. Fresh egg with a large amount of thick white. Yolk 
index .41; Thick white 6.2 mm. high 
2. Fresh egg with less thick white. Yolk index .45. Thick white 3.1 mm. hi gh __________________________ _ 
3. Infertile egg incubated 3 days. All white thin. Yolk index .27 ___________________________________ _ 
4. No preferencc _________________________________ _ _ 
Prefe rence 
209 
37 
A decided preference for eggs with a large amount of thick white "vas shown. 
A decided preference for eggs with a large amount of thick 
white was shown. 
Egg Weight Relationships (E. M. Funk). The problem of 
,determining an approximate mean annual egg weight for birds 
being trapnested has become more important as an increasing num-
ber of poultry breeders dema'nd information on the size of eggs 
laid by their breeding stock. A common method is to weigh the 
eggs laid on three successive days of each month and the average 
,of those weights is assumed to represent the mean annual egg 
weight. 
A more simple method of approximating the mean annual 
egg weight was worked out by an analysis of all eggs laid by 48 
White Plymouth Rock pullets from October, 1932, to July, 1933. 
If ten eggs laid in February were weighed and .7 of an ounce 
deducted, because eggs laid in February were above the mean 
annual size a very close and satisfactory approxima'tion could be 
secured. 
Factors Causing "Slipped Tendons" in Turkeys (E. M. Funk) . 
Turkeys raised in complete confinement with only a wire sun porch 
-for range are apparently more susceptible to "slipped tendons" 
than are turkeys raised on range. A ration consisting of yellow 
corn meal, 42 pounds; wheat bran, 15 pounds; wheat shorts, 10 
pounds; alfalfa leaf meal, 5 pounds; meat scrap, 10 pounds; soy-
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bean oil meal, 10 pounds; dried milk, 5 pounds; salt, 1 pound; and 
cod liver oil, 2 pounds fed to 36 turkeys produced only one case 
of slipped tendons. 
A ration consisting of a similar mixture in which 10 pounds 
of cottonseed · meal was substituted for 10 pounds of soybean oil 
meal fed to 45 turkeys produced three cases of slipped tendons. 
The other 42 birds had normal leg development but the males at 
the end of 28 weeks averaged 14.1 pounds as compared to 18.4 
pounds for the males receiving the soybean oil meal. 
SOILS 
M. F. MILLER, Chairman 
Studies on the Calcium Content of Soils and on Its Relation to 
Acidity and the Response of Soils to Liming CW. A. Albrecht). 
More than 400 different samples, representing the major soil types 
of the State have been analyzed for their content of exchangeable 
calcium and potassium. There was a very close relationship be-
tween the exchangeable calcium in the soil and the soil's ability to 
give good crop yields. When soil types are arranged as groups, A, B, 
C, D, and E, in the order of their productivity and then the con-
tent in exchangeable calcium listed, the decreasing supply of cal-
cium paralleled the· decreasing productivity and general agricul-
tural rank. The more productive soils delivered a larger amount 
of calcium in exchangeable condition, or in the form usable by 
plants. The more fertile soils provided calcium in this form in 
TABLE 17.-ExCHANGEABLE CALCIUM OF UPLAND SILT LOAMS OF MISSOURI AS 
RELATED TO THE PRODUCTIVITY OF THE SOIL. 
Productivity 
Ranking of Groups 
A ___________________________ _ 
E _________ ______ ____________ _ 
C ____ ____________ ___________ _ 
D ___________________________ ._ 
L ______ . ____________________ _ 
Soil Type 
Marshall 
Summitt 
Grundy 
Knox 
Pettis 
Cra\.vford 
Chariton 
Eldon 
Os' .... ego 
Putnam 
Bates 
Memphis 
Hagerstown 
Lindley 
Union 
Cherokee 
Baxter 
Gerald 
Boone 
Lebanon 
Clarksville 
Exchangeable calcium 
M. E. per 100 gms. 
14.80 
12.64 
12.71 
11.32 
10.86 
10.68 
10.21 
8.99 
9.19 
8.89 
7.86 
6.22 
5.91 
8.64 
6.64 
5.57 
5.57 
3.82 
7.59 
5.51 
4.29 
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quantities three times a s g,eat as were provided by the poorer 
soils. The total quantities also were large enough and the differ-
ences great enough to be readily measured. Therefore, the meas-
ures of exchangeable calcium in the soils of the State may well be 
considered as one of the criteria for laboratory determinations of 
soil fertility. Table 17 shows the relation behveen productivity 
and calcium content . 
The Use of Limestone on Soils (\V. A. Albrecht). Limestone 
use on most soi ls is more a matter of supplying the crop with the 
required stock of calcium (and possibly of magnesium) than one of 
attempting to correct or neutralize the acidity of the soil. This was 
shown by the fact that above certain pH figures (with lesser de-
grees of acidity) of the colloidal clay fraction of the soil, soybean 
plan ts responded more to the level of calcium provided than to 
the degree of soil acidity. 
This suggested that even soybeans, presumably an acid soil 
crop, demanded significant amounts of lime from the soil. There-
fore, not only the degree of acidity of the soil is important but 
also, particularly on the great majority of soils not yet dangerously 
sour, attention should be given to the available calcium, Or to the 
supply of this plant nutrient in exchangeable form. 
The amounts of calcium needed correspond to amounts of 
other nutrient elements supplied in fertilizers, and the effective 
results from drilling finely ground limestone at fertilizer rates 
brings the matter of liming to consideration as a process of fer-
tilizing with calcium. Drilling finely ground limestone of 40 mesh 
fineness, of which at least 50 per cent passes a 100 mesh screen, is 
a good practice with legume seedings. 
Particle Size in Relation to the Physico-Chemical Properties 
of Clay (L. D. Baver, D. M. Whitt). Separation of fractions of Put-
nam clay varying fr0111 53 microns to less than .05 microns in 
diameter and the determination of base exchange and swelling by 
these fractions have shown that the exchange capacity and swelling 
increased with decreasing particle size. Particles larger than one 
micron showed no swelling; 50 millimicron particles increased 
their volume by 0.98 c.c. per gram of solid particles when wetted. 
The exchange capacity of 0.05,0.1,0 .5, 1.0 and 2.0 micron particles 
was 67, 55, 53, 34 and 19 milliequivalents per 100 grams respec-
tively. 
Particles below one micron showed distinctly different prop-
erties from those above this size. Swelling was 110t exhibited with 
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larger particles and the exchange capacity curve exhibited a dis-
tinct break at this point. The various separates obtained in this 
study remained stable under rather drastic dispersion treatments. 
Continued dispersion and centrifuging did not result in the break-
ing down of the coarser clay particles into units of colloidal dimen-
sions. 
Petrographic Study of Colloidal Clays (L. D. Baver, R. lVI. 
Smith). When colloidal clay suspensions were evaporated to dry-
ness the particles oriented themselves in such a way as to impart 
unit crystalline properties to the dry material. Differences in the 
orientation of these particles may cause the solid material to exhibit 
an apparent difference in its crystalline properties. Surface tension 
is believed to be the force causing orientation in the sodium-, 
lithium-, and potassium-saturated clays; its ineffectiveness in the 
hydrogen and other fl occulated systems is considered to be related 
to the aggregation of the particles. 
Putnam clay saturated with hydrogen or divalent cations 
seemed to have a higher birefringence than the monovalent cation 
systems. The biaxial character of the sodium and similar systems 
is believed to be due to the shape, Oi"ientation, and water of hydra-
tion of the particles. The individual particles themselves are con-
sidered to be uniaxial. The most likely shape of the particles is 
approximately that of elliptical plates. Putnam, Wabash, and 
Lufkin colloids appeared to contain minerals of the beidellite-non-
tronite series; Iredell and Susquehanna colloids contained kaolinite 
or some closely related mineral; the Cecil and Davidson colloid 
figures were indistinct. 
Aggregation of Soils and Calcium Ion Saturation (L. D. Baver). 
Flocculation of colloidal clay particles may be brought about by 
(1) flocculating cations or electrolytes, (2) oppositely-charged col-
loids, (3) alternate wetting and drying, and (4) alternate freezing 
and thawing. Flocculation. however, is not synonymous with sta-
ble aggregate formation. In order to have stable aggregates there 
must be a binding together or cementation of flocculated particles. 
Most of the cementing agents in the soil are the irreversible or slow-
ly reversible colloids. Cementation of aggregates may be brought 
about by (1) organic colloiclalmaterial; (2) inorganic colloids such 
as colloidal alumina and iron; and (3) cohesive forces between clay 
particles. Calcium may influence granulation directly by cansing 
foccules to form as a result of the flocculating power of the calcium 
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ion. It may influence granulation indirectly through its effect upon 
organic matter which is an effective cementation agent. The effect 
of the calcium ion on the direct formation of stable aggregates was 
no more pronounced than that of the adsorbed hydrogen ion. Sta-
tistical analyses of the relation of calcium saturation of soils to 
aggregation showed no significant correlations. Laboratory inves-
tigations showed little difference between the properties of Ca-
and H-clays. 
Nitrogen and Carbon Accumulation or Loss (M. F. Miller, W. 
A. Albrecht). The influence of various cropping systems on an ex-
posed subsoil has been studied for a number of years. The soil was 
a Shelby loam, a soil which is derived from glacial drift, having a 
yellowish brown subsoil. The use of lime and fertilizers in a two-
year cropping system of wheat and mixed hay on this subsoil , has 
maintained yields at approximately the same level as those for the 
untreated surface soils even when the crops have been removed and 
no manure returned. The marked influence of these treatments on 
the subsoil has resulted in <1n average yearly gain of nitrogen of 
approximately 20 pounds per acre throughout a period of six years. 
This gain doubtless was due largely to the fact that the addition 
of lime to this subsoil plot has resulted in a very luxuriant growth 
of sweet clover. On the untreated surface soil, which is acid, no 
sweet clover grows and the mixture is mainly one of grasses. There 
has been no gain in nitrogen on the untreated surface soil. If these 
crops had been fed back on the Jand the gain to the subsoil doubt-
Jess would have been considerably greater. The amount of nitrogen 
in the subsoil was only 1660 pounds per surface 7 inches at the be-
ginning of the investigation. An increase of nitrogen above a level 
of 2500 pounds per surface 7 inches on this soil and in this climatic 
zone, is very difficult to attain without very intensive systems of 
cropping and manuring. 
Red clover used for soil improvement in applications of two and 
one-half tons per acre annually and containing 106 pounds of total 
nitrogen contributed about one-third of this nitrogen to the residual 
or more stable soil nitrogen. Two-thirds were transformed into 
soluble nitrogen to be lost from the soil through the crop or leach-
ing. 
These results were obtained under a fallow soil which was 
plowed once a year and kept free of crop growth. They were obtain-
ed whether the clover was left on top of the soil or whether it was 
plowed into the soil. While one-third of the nitrogen was added 
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F ig. B.-Upper photograph show gran ular tructure in the urface of a dark prairie soil. 
Note the abundance of granule which impart friab ility and permeabi lity to the soil. 
Lower photograph hows the absence of gran ulation and the extreme den ity of the-
t ructural fragment. The only openings are cleavage fi u res and mall hole due to root or 
earthworms. uch soil s are usuall y quite impervious to water. 
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a. residual nitrogen, the original nitrogen supply of the soi l was 
being depIcted and tllC oil gain in nitrogen amounted to about 
one-fifth of the added nitrogen . The 10 s of nitrogen in the fallow 
untreated soil during the].) year of the study was such as to 
require two tons of red clover for every four year to maintain the 
nitrogen. The regular u e of green manure in a rotati on can " erve 
to mainta in the nitrogen level of the so il and cleliver . ign ift callt 
amounts of solublc nitro<Yen for plant production. 
Fortnightly determination . of nitrate nitrogen in oils, given 
variou. treatments during 13 years, howed the importance of 
oil management in helping or hind ering the oil's capacity to 
deliver oluble nitrogen for the cr p. 
The crop draws heavily on the nitrogen supply for g rowth as 
wa shown by the decrea ed nitrate upply in the so il when the 
crop \Va ~ growing vigor usly. 'I'hi decline \Va in the pring' for 
wheat and in the ummer for corn. For g ra it agreed again with 
the time of active grovvth. 
All crop reduce 1 the nitrate uppl y but this was not 0 low 
for corn as for the more c rnpactly rooted crop of wheat or gra. . 
The ea on al a had a decided influence on nitrate production ince 
this process depended upon the crop of bacteria in the soil and 
bact ria grow with rnoi ture and temperature conditions corre-
ponding to tho. e favorable to the crop above the oi l. 
Fig. 9.-General view of orne of the plots on which the accumul ation or 10 s of nitroge n 
and carbon i being st udi ed. 
BULLETIN 387 91 
Soil tillage was especially stimulating and hastened the process 
of making nitrogen soluble. The time of plowing for wheat was 
very essential and should be early in order to let the nitrates 
accumulate for the coming crop. Cultivation of corn stimulated 
nitrate increase. Fertilizers that add nitrogen raise this in only 
a small \yay since only small amounts of nitrogen are commonly 
added. They stimulate crop consumption as shown by the increased 
crop yields. 
The straw mulch had a detrimental effect, not because it pro-
hibited transformation of nitrogen, but because the transformed 
nitrogen was used by the soil bacteria instead of being left for the 
crop. 
The most outstanding point in the whole investigation was the 
successively lo\ver levels of nitrates with time uncler all crops on 
the soils studied. This emphasized the neecl in soil management 
for green ancl other manures to maintain the soil in nitrogen. 
Soil Erosion Investigations (M. F. Miller, H. H. Krusekopf). 
After 1 G years of measurements under the different systems of crop-
ping and cultural practices the plan of the old erosion plots was 
changed in 1933, to a continuous fallow system throughout, in. 
order to measure the effect of the previous cropping and cultural' 
practices on runoff ancl ero·sion losses. The 16 years of widely 
different systems of management resulted in marked variations 
in the depth of the soil remaining, in the amount of organic mat-
ter present, ancl doubtless in certain other conditions which would 
influence runoff and erosion losses. 
The three recent years under fallow have been years of low 
average rainfall and the two plots which \vere originally fallow, 
have shov1i11 less annual loss than during the previous years. The 
cropped plots have lost more under fallo·w than uncler the cropping 
systems, and \'lith the exception of the rotated plot these losses 
were in the same order as the earlier ones. The plot which was 
originally in sod showed particularly low runoff and erosion but 
the former rotated plot has lost consistently more water and more 
soil than the former sod plot. Aggregate analyses and dispersion 
measurements of the eroded material from all plots are being made. 
The measurements dealing vvith length and degree of slope are 
giving results in general accord with theory. Under continuous 
corn, incre(lsing the slope from 3.680/0 to G% and to 8)12 % increased 
the erosion losses about three times and five times, respectively. 
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Slopes of various lengths, but the same degree of slope, showed 
decreased runoff and increased erosion with the longer slopes. 
Land Classification of Missouri (H. H. Krusekopf). A differen-
tial land classification of Calla'\,vay County was completed June 1, 
1936. The base map for this work was the soil survey map made 
in 1916. The land was classified according to the quality of the 
soil, degree of erosion, slope, cover, and assumed best use. Some 
of these features 'were the same as those used in conservation 
surveys by the Soil Conservation Service. 
The survey of Callaway County-which 'was in the nature 
of an orientation trial-gave information as to the relative time 
required to classify the several features and the degree of accuracy 
"vith which they can be plotted. The merits of this type of land 
classification are obvious. It permits an intergration of several 
factors that determine land use. Soil surveys should be extended 
to include a: land classification from an agricultural viewpoint. 
Soil Experiment Fields (M. F. Miller. H. H. Krusekopf). The 
abundant rains in the early summer of ] 935 resulted in an unusually 
large clover crop in 1986. It was a condition that again demon-
strated the great influence of the weather factor in securing stands 
of clover. The yield of clover was determined largely by the char-
acter of the soil and the fertility treatment. The value of fer-
tilizer on wheat on dark prairie soil again was indicated. On the 
Kidder Experiment Field, a record yield of 48 bushels was obtained 
where 200 pounds of a complete fertilizer were applied, compared 
to 38 bushels where no fertilizer was used. 
The experimental work with lime, manure, and fertilizers was· 
continued on the various outlying fields. The results from these 
experiments serve to point the way to the most satisfactory systems 
of soil management on different soil types in the State. 
Crop Rotation and Fertilizer Experiments (M. F. Miller, H. H. 
Krusekopf). The latter half of 1£)35 and the first half of 1936 were 
characterized by extremely dry weather, resulting in almost com-
plete failure of all crops excepting wheat and clover. In addition 
to the drought, chinch bugs and grasshoppers did grea:t damage. 
All grass and clover seedings in 1986 were destroyed. A new 
project to determine the relative merits of various fertilizer ratios on 
corn was established on the University South Farm. This project 
includes studies of fertilizer ratios on corn, wheat. and barley. 
Missouri Pasture Soil (M. F. Miller, H. H . Krusekopf). This 
project is in cooperation with the Departments of Agricultural 
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Chemistry, Animal Husbandry, Dairy Husbandry, and Field Crops. 
In the spring of 1936 the grasses on the pasture plots had not 
recovered from the effects of the dry weather in 1934 and 1935. 
The stand of grass remained thin, and there was no tendency for the 
grass to spread to the unoccupied areas as it does in favorable sea-
sons. It was observed during the dry weather of 1936 that the blue-
grass on the fertilized plots retained a green color until near the 
usual midsummer dormant period. Bluegrass on the untreated 
plots took on a brown color early in summer. Top dressing of 
nitrate fertilizer was omitted because of the dry weather. All spring 
seedings were destroyed by the drought. 
The Effects of Soil Treatments, Long Continued, Upon Bac-
terial Activity in the Soil CW. A. Albrecht). The differences in 
maximum nitrate accumulations for the soils from differently 
treated plots on Sanborn Field suggested differences in the nature 
of the organic matter from which these nitrates must be produced 
by the soil bacteria. An attempt has been made to measure these 
differences in terms of ease of chemical oxidation and the per-
centage of lignin in organic matter according to an arbitrary 
standard of digestion in 80% sulphuric acid. 
Fresh organic matter is more rapidly oxidizable biochemically 
by micro-organisms and nitrate production is this type of chemical 
reaction. Therefore, the easily oxidizable carbon of different plots 
was measured by chromic acid digestion. There was a: correlation 
between the supply of easily oxidizable carbon in the soil and its 
maximum of nitrate accumulation whether limed or untreated. 
A more careful study of the amount of lignin in the organic 
matter was made on five of the continuous wheat plots and one 
continuous timothy sod. Total nitrogen and carbon determina-
tions on the original soil were made. These determinations also 
were made on the dry soils after they had been given different 
treatments including digestion with 80 per cent sulphuric acid. 
This treatment was assumed to leave lignified organic matter un-
digested and to remove the less stable, more easily oxidizable and 
hydrolyzable forms. 
If the non-lignified organic matter was more active and usable 
by the microorganisms, and if this was taken as the stock of 
significant organic matter in the soil, then the soil treatments 
became more significant as they influenced the supply of organic 
matter that delivered nitrogen in the form of available nitrates 
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for the growing crops. The plot with sod and manure had more 
than twice as much of thi s form of organic matter a s had any other 
plot on the list except the manured wheat plot. The use of am-
monium sulfate had reduced the usable organic matter to the lo\\'est 
level. Complete fertilizer was next, followed by wheat with no 
treatment. Wheat plots \vith phosphate only, or with manure, had 
a significantly larger reserve of this usable form tha n any of the 
other wheat plots. 
The Theory of Exchange Adsorption (Base Exchange) (H. 
Jenny). An exchange ads orption isotherm has been deduced th eore-
tically, based upon the distribution and properties of the adsorbed 
ions as well as the structural properti es of the colloidal particle. 
The phenomenon of ionic exchange is directly connected with prob-
lems of colloid stability. 
Seat of Base Exchange in Clay Crystals (H. Jenny). Experi-
mental work in this field allows the following conclusions: 
l. By determining the amount of water formed in the reaction 
H-clay+Ba (OH)2' it was shown that H ions were exchang-
ed and not OH ions adsorbed. 
2. In studying the change in exchange capacity as a function 
of temperature, samples were heated to various tempera-
hues and the base exchange capacity determined. It is 
found that the capacity was destroyed at temperatures 
above 300 0 C. 
3. Water adsorption was studied as a function of heating. 
The results showed that the power to adsorb water mole-
cules was lost mainly at temperatures above 250 0 C. 
4. It was observed that treatment of soil colloids with neutral 
KF gives a strongly alkaline reaction. It s eems that there 
was an anion exchange in that F' replaces OH- anc! 0" ions 
of the crystal lattice. 
In general it seems that water adsorption was not directly 
related to cation capacity but occnrred on different spots of the 
crystal lattice. The seat of base exchange was the OH ion of the 
crystal lattice. 
Migration of Ions in Clay Gels (H. Jenny , Eric Winters ). It 
has been observed that iron moves in clay gels in the absence of 
anions. The results indicated that this ,vas a sm-face migration and 
that the Fe++iol1s move on the surface of the clay particles from 
one particle to another. 
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VETERINARY SCIENCE 
A. J. DURANT, Chairman 
Fowl Paralysis (A. ]. Durant, H. C. McDougle). A group of 6 
adult Leghorn chickens, 5 females and 1 male, all showing definite 
signs of the eye-form of fowl paralysis, were used to study the 
transmissibility of fowl paralysis from parent to progeny through 
the egg. From this group 14 chickens were hatched. Of these 14, 
7 developed definite fowl paralysis in some form, 5 had varying 
degrees of blindness, one was lame in the left leg, one assumed an 
upright position as a result of the disease and one bird developed 
a greatly enlarged liver and spleen in 277 days. 
The number of days required to develop the disease varied 
from 57 to 171. From the second generation 21 chicks were ob-
tained. Twenty of these appeared to be perfectly healthy when 
hatched. The other chick had an affected right eyeball which was 
distended and gray in color. 
The hatchability of eggs was lo\v. Of the 174 eggs set only 
52 were hatched. 
A group of 150 baby chicks was purchased from a poultry 
farm 'where no paralysis had been reported. These chicks were put 
on a farm where leukosis and fo'wl paralysis both had occurred 
and was occurring. At the same time eggs from this farm flock 
were obtained and hatched and 86 chicks were banded. These 
chicks were placed on a farm where no· chickens had been for ten 
years. The results on this study are not yet available. 
In order to determine whether or not fowl paralysis can be 
contracted by birds feeding over grounds where infected birds 
have been raised, the litter upon which chicks infected with fowl 
paralysis had been grown was used by a group of 25 nine-day old 
White Leghorn chicks. An equal number of controls was placed 
in a clean pen in the same room. The results from this compari-
son are not yet available. 
Fowl Leucosis CA. ]. Durant, H. C. McDougle). During the 
year 113 chicks, comprising 26 groups, were inoculated with blood 
from 8 suspected leucosis birds. Only three of the S suspects were 
affected with the transmissible form of leucosis as revealed by 
the results of the inoculation. 
Two distinct types of leucosis were observed, myeloid and ery· 
thro, both of which were carried through four generations. 
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Blood studies showed that all birds that showed a blood 
picture similar to one of the two t ypes of leucosis were not capable 
of transmitting the disease, and that there was a distinct breed 
and age susceptibility. Adult birds resisted large amounts of 
infected blood. Barred Plymouth Rocks and White Plymouth 
Rocks were more resistant than White Leghorn chicks. 
Advanced cases of leukemia showed the ulnar and humeral 
marrow to be diseased. 
One of the difficulties in the study of the blood of fowls has 
been a correct classification and subclassification of the blood 
celIs . A uniform system of cell staining and classification which 
appears to be quite accurate has been developed. The blood cells 
are stained with Wilson's blood stain, after which one-thousand 
cells are counted on each slide. They are classified into one of 
four cell types. Although quite a laborious procedure, this type 
of counting gives a well defined picture of the disease, especially 
when checked against the blood of normal birds of the same age 
and weight. 
Blackhead in Turkeys (A. J Durant, H. C. McDougle). The 
testing of drugs for the treatment and prevention of blackhead has 
been continued. Atabrine, a drug used for malaria, was tried as a 
preventive in young poults. One-half tablet of Atabrine was given 
twice a week to each of six young poults. All six died of blackhead 
and 7 of the 8 used as controls also died of this disease. Both con-
trols and treated birds died within a period of 2 weeks after ex-
posure. 
Bismuth subcarbonate and turpentine have been tested. Twen-
ty-four young poults were used in the experiment. Eight birds 
received 20 grains of bismuth subcarbonate every other day and 
8 received 1 cubic centimeter of turpentine every other day. Eight 
birds were used as controls. Because of the unfavorable weather 
for the development of blackhead only one of the controls died of 
blackhead during the course of the treatment, which extended a 
little over one year. Two of the turpentine group and three of 
the bismuth subcarbonate group developed blackhead. 
Cattle with Low Titre Reaction to the Bang Agglutination 
Test (Cecil Elder). There now are 17 animals on experiment, most 
of which show low tit res to the serum agglutination test for Bang's 
disease. The animals have been protected from outside exposure, 
have received monthly blood tests, but no therapeutic treatment of 
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any kind. They have had pasture contact with one another and h,INe 
been stabled only long enough for the drawing of blood samples 
or for the purpose of being milked. All calves were left with the 
cows until large enough to sell for veal. Four cows were too young 
to breed and one cow did not have a calf during the period. Breed-
ing records are available on the other animals with one exception. 
The average gestation period was found to be 277 days for 
the n co·ws, varying from 267 to 283 days. At time of calving 
samples of colostral milk were saved and also placental mem-
branes collected. Emulsions from the placentae and samples of 
colostral milk were injected into guinea pigs. During the year 33 
guinea pigs were injected and direct cultures were run upon all 
material that was injected. All cultures have proved negative 
for the presence of Br. abortus, except a few questionable ones 
which were saved for further study. All guinea pig inoculations 
have proved negative and blood samples collected at the time the 
guinea pigs were killed gave negative results. 
The highest blood titre found was an incomplete 1-200 which 
occurred in only one animal. 
Two animals had a titre as high as 1-100 but this was not re-
tained very long. Each time an experimental animal dropped a calf 
colostral milk was tested for the presence of agglutinins. Tests 
were made on individual quarters, and reactions high enough to be 
called positive, or those that completely agglutinated in dilution 
of 1-100 or above were found in one or more quarters of six of the 
experimental animals. There was no direct correlation between 
the animals with this titre in the milk and those that showed the 
highest blood titre during the year. Only one animal gave com-
pletely negative results in all four quarters when the colostral milk 
was tested. A few calves showed low titres to the agglutination 
test but most of them were non-reactors. 
In addition to the 17 animals in this investigation it was pos-
sible to get material from six cows in the University dairy herd. 
From one of the cows which aborted the stomach contents from 
the fetus were examined. Five of the six cows were slaughtered 
in Columbia and internal organs were available for culture work 
and guinea pig injection. 
Four of these six cows had aborted in the summer or fall of 
1935. These animals had been in the University here or were in 
quarantine, but had no contact with the 17 animals at the Veter-
inary Research Farm. None of the six cows showed a very high 
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blood titre and only one of the four that aborted reached a titre 
of 1-100. 
Three of the four animals which aborted never showed higher 
than 1-25 during the past year. The fourth animal reached a: titre 
of incomplete 1-100. These animals were removed from the herd 
and sold for slaughter. 
No abortions occurred during the year. There appeared to be 
little spread of infection from these low titre animals to negative 
animals. During the year there has been no evidence of breeding 
trouble because of infection with Bang·'s disease. The fact that 
four animals in the University herd aborted during the year with 
low blood titres indicates that low titre animals are potentially 
dangerous. 
Comparative Results of Tube Agglutination and Rapid or 
Plate Tests on Low Reacting Sera (Cecil Elder, Paul L. Piercy). 
One of the greatest problems in blood testing work in the control 
of Bang's disease is the proper interpretation of suspicious reac-
tions. The blood samples used were picked from the routine tests 
run in the Bang's disease testing laboratory. 
A total of 6,646 samples has been used. Of 79 samples which 
were negative to the tube test, 71 also gave a negative reaction 
to the plate test. In 528 samples negative to the tube test, 404 were 
negative on the plate test; 123 samples were suspicious, and one 
was a reactor. Of 6000 samples suspicious to the tube test, 178 
were negative on the plate test; 5638 samples were suspicious; 
and 184 were reactors. In 118 samples classified as reactors by the 
tube test, none was negative on the plate; 8 were suspicious, and 
110 were reactors. About 92.5 percent 0.£ the samples were classi-
fied the same by both methods. In general the plate method gave 
a little higher reaction than the tube test. 
The Significance of Low Agglutination Reaction in U nbred 
Virgin Gilts (Cecil Elder). Only gilts of low titre have been used 
in this investigation. During the year 12 guinea pigs have been 
injected-using placental emulsion and colostral milk from these 
gilts. Two low titre animals have been killed and cultures made 
from lymph glands, udders, and uteri. In all, a total of 18 guinea 
pigs have been used but to date results have been negative in every 
case and Br. suis has not been isolated from any of the hogs. All 
of the animals have retained low titres varying from negative to 
positive in the 1-50 dilution except the two hogs which ·were 
slaughtered during the year. These two animals on the last test 
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before slaughter increased in their titre to a point where the reac-
tion was interpreted as positive-one of them being 1-100 and the 
other 1-200, but this occurred only on the last test. 
Blood tests have been conducted each two weeks during the 
entire time the animals have been on experiment. No abortions 
have occurred and gestation periods varied from 112 to 115 days. 
Even though the animals carried a low titre consistently they could 
not be considered dangerous as spreaders of infection. There ap-
parently was no correlation between the suspicious reaction and 
the breeding efficiency. The results of this work are in accordance 
with results previously reported. 
Transmission of Bang's Abortion Infection from Swine to 
Cattle under Pasture Conditions (Cecil Elder). Swine, negative to 
the test, were artificially infected with known cultures of Br. suis 
and placed in the same small pasture with cows. Two hogs have 
been kept in contact with the cattle. Both animals showed quick 
reaction to the effects of artificial dosing and a control pig develop-
ed a reaction of 1-100 or above, thus classifying her as a reactor. 
This was interpreted to mean that the control hog had picked up 
the infection in the pasture from the dosed animals indicating that 
there had been ample exposure of the cattle in the same pasture. 
All hogs on the experiment had normal gestation periods and no 
abortions have occurred during the year. 
The seven cows on this experiment have had blood titres vary-
ing from a negative reaction to complete agglutination in a dilu-
tion of 1-160. The average blood titres over the year's period were 
in two cases nega'tive, in three 1-20, and in the two remaining cases 
1-40. Two cows showed a maximum titre of 1-160 on one test, 
but this titre was reached only once in either case. All other titres 
were below 1-80 and graded down to negative. Therefore, only 
once during the period could any of the cows be called a positive 
reactor. 
One cow had a gestation period of 267 days which might 
have been ca:lled premature or an abortion. However, this cow 
was a first calf heifer. There is some question where the line 
should be drawn between the number of days that constitute a 
normal and an abnormal gestation period. 
During the year guinea pigs were injected with colostral milk 
froin all seven cows, with pla'cental emulsion from five cow s, and 
stomach contents from one calf which died. Direct cultures were 
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made at the same time the guinea pig injections were made. All 
cultures were negative except one which was questionable. Appar-
ently cattle were not very susceptible to Br. suis by contact expos-
ure with artificially infected hogs under pasture conditions. It has 
been impossible to determine the actual significance of the low 
blood titres observed in the experimental cattle. 
Toxemia in Sheep (Cecil Elder, A. W. Uren). Attempts have 
been made to produce experimental cases of toxemia in sheep by 
duplicating conditions similar to those under which field cases 
develop. 
Twenty-four ewes were divided equally into a narrow ration 
group and a co·ntrol group. Unfortunately when the investigation 
was well along dogs killed nine of the eleven ewes in the narrow 
ration group. All of the ewes that were left in this group and all 
in the other group lambed normally and no experimental cases of 
the disease were produced. In studying field cases further and COn-
clusive evidence has been obtained, proving that the lines of pre-
vention previously worked out and reported have been satisfactory 
in controlling further losses from toxemia or pregnancy disease 
in the flocks where it occurred. 
Tape Worms in Sheep (Cecil Elder). A group of 14 head of 
sheep badly infested with both stomach worms and nodular worms 
was purchased in March. These sheep were weighed and treated 
with 1 per cent copper sulpha·te solution each week since March 28. 
They were in very poor condition at the beginning of the investiga-
tion and two of them died during the first two days. Copper sul-
phate treatment was administered according to weight-each sheep 
getting one ounce of copper sulphate to every 20 pounds of body 
weight, with a maximum dose of four ounces. The animals were 
locked up about five o'clock in the evening and fasted until eight 
or nine the following morning when treatment was administered. 
Fecal samples were collected from each of the twelve-once 
before treatment started and 48 to 72 hours after each treatment 
was given. Five-tenths gram of material was mixed with concen-
trated salt solution and allowed to stand thirty minutes by the 
flotation method. Microscopic examination was made and ten 
fields at random counted. 
As soon as the sheep reached the University they were put 
on a good ration. The average weight of the 12 sheep in the 
group did not start to increase until the sheep had been on feed 
35 to 40 days. The average count of the stomach worm eggs did 
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not show a marked decrease for about 30 days. Apparently the 
feed has played a very important part in the decrease in the para-
site count since the average count dropped steadily during the 
first 60 days. Since that time, although comparatively low, the 
counts have remained almost constant. The average nodular worm 
egg count showed a decrease and for the most part paralleled the 
drop in stomach 'worm egg counts. Since that time they have 
remained almost constant even though comparatively low. 
Eighteen additional ewes were purchased in April and re-
ceived copper sulphate treatment Ma'y 2. Only three of these 
animals showed heavy infestation on the first count. This group 
of sheep has been on experiment about 70 days but during that 
time there has been very Ettie change in the average weight or 
the average stomach worm count. 
A total of 2187 sheep in seven flocks belonging to seven dif-
ferent individuals in Oregon County, Missouri have been on ex-
periment to determine whether trea'tment at 14-day, 20-day, or 
28-day intervals was best under field conditions. The results were 
not conclusive because of several uncontrolled factors. 
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SERVICE PROJECTS 
Specific Agricultural Information. Undoubtedly, the greatest 
service rendered by the Agricultural Experiment Station to th~ 
farmers of Missouri is the giving of specific agricultural informa-
tion by answering questions, by letters, by personal intervie"ws, 
by Agricultural Experiment Station bulletins, by the Farm News 
Service, and by radio. All questions are answered as promptly as 
possible and anyone desiring information regarding any agricul-
tural practices used in Missouri may secure it by writing or per-
sonally calling at the College of Agriculture. This service is of 
inestimable value to Missouri agriculture. A great deal of time and 
energy on the part of the staff of the Experiment Station are re-
quired to render this service. 
Chemical Service (L. D. Haigh, E. W. Cowan, George R. 
Weber). The Department of Agricultural Chemistry conducts 
analyses on agricultural materials: animals, feeds, fertilizers, soils, 
and others used in research problems in the various departments 
of the Agricultural Experiment Station. Residents of the State, 
principally farmers and agricultural leaders, consult the labora-
tories on various problems and these occasionally require analyt-
ical work. 
The work performed for the departments of the Agricultural 
Experiment Station was as follows: 
Agricultural Chemistry 
Fifteen synthetic feed mixtures, one liver meal, one rye grass, 
and two alfalfa meals were run for analyses of moisture, ash, 
protein, fat, nitrogen-free extract, crude fiber, calcium, and phos-
phorous: 88 determinations. 
Forty liquid preparations carrying vitamins were run for de-
termination of solids as a basis for feeding: 40 determinations. 
One bone marrow for moisture, fat, and protein: 3 determina-
tions. 
Two samples of tankage and one of soft corn silage were 
analyzed for ash, protein, moisture, fa.t, fiber, and nitrogen-free 
extract: 11 determinations. 
In cooperation with the Animal Husbandry Department the 
following work was completed. 
The livers and some other parts of litter pigs were analyzed 
for dry matter, protein, total ash, fat, and air dry moisture. In 
addition some vitamin determinations were made on a limited 
number of samples: 242 determinations. 
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Samples of green grass juice and residues were prepared and 
used for vitamin studies and solids determined as a basis for 
feeding studies: 40 determinations. 
Field Crop 
One hundred thirty samples of grasses and hays from Sni-a-
Bar farms collected in the Cooperative Pasture Project in 1933, 
1934, and 1935 were analyzed for moisture, ether extract, protein, 
ash, fiber, calcium, and phosphorous: 910 determinations. 
One sample Korean Lespedeza for complete feed analysis: 6 
determinations. 
Soils 
Thirteen samples of crops from experiment fields for protein, 
calcium, and phosphorus and 44 samples of crop from Sanborn 
Field for calcium and phosphorus: 127 determinations. 
Dairy Husbandry 
Seven samples of feed used in experiments on growth and milk 
production were analyzed for complete feed determinations 111-
eluding calcium and phosphorus: 49 determinations. 
Outside Work 
The following work for farmers, county agents, and other citi-
zens in the State was conducted during the year: 
Eleven samples of miscellaneous feeds, grasses, and fodders 
were run for the determination of feed constituents: 30 determina-
tions. 
Eleven samples of flour were analyzed for moisture, ash, and 
protein: 33 determinations. 
Eight samples of water were tested qualitatively for the 
nature of dissolved solids. 
Three poultry remedies were tested in order to identify the 
nature of the mixtures. 
One corn meal sample was analyzed for the presence of sand 
and one feed sample for the presence of copper. Qualitative exam-
inations were made on one molasses sample, one ea:r of corn, one 
sample ground barley, and one sample of silage. 
Samples of white salt, soil, silicious material, and mineral de-
posit in water tank were examined qua:litatively for the nature 
of the material. 
The contents of three stomachs and one sample of candy were 
examined for poison. A sample of liquid medicine was tested for 
its content of strychnine. 
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One anti-freeze solution was analyzed for the amount of solids 
and three samples of vinegars w ere tested for the percentage of 
acetic acid. 
A grand total 1,613 determinations, mostly in duplicate, was 
completed during the year. 
Testing of Fertilizers for Missouri Farmers (F. B . Mumford, 
Director, L. D . Haigh, E. W . Cowan, Chemists). During the year 
453 samples of fertilizer were collected from 230 dealers, farmers, 
and manufacturers. On these samples determinations were made 
as follows: total nitrogen, 279; water insoluble nitrogen, 269; 
nitrogen activity, 62; total phosphoric acid, 378; insoluble phos-
phoric acid, 341 ; potash, 237; basicity, 71. 
In addition, 8 samples of special fertilizer materials and 11 
samples of registered fertilizers sent in by farmers and dealers were 
analyzed and reports submitted. This involved an additional 89 
determinations. 
Also, 1102 samples of limestone, lime, and related materials 
for correcting soil acidity were tested and reported upon to farm-
ers, county extension agents, and agricultural leaders. 
Missouri Agricultural Experiment Station Bulletin 361 issued 
in 1936 reported the results of fertilizer inspection for the calendar 
year 1935. The chemical composition of the brands of fertilizer 
sold corresponded well with the guarantees. Only 8 per cent of 
the chemical results reported were below the guarantee. Excess 
value was shown for a large number of samples. 
Testing Mares for Pregnancy (F. F. McKenzie, C. E . Terrill). 
During the year 64 mares have been tested for pregnancy. This in-
volved 44 blood tests and 21 urine tests. 
Fertility Testing (F. F. McKenzie, V. Berliner). During the 
year 33 stallions, 6 jacks, 22 bulls, 75 rams, and 3 boars have been 
tested for fertility . 
The Identification of Plant Diseases (C. M . Tucker). Sweet 
Cherry Diseases. In May, 1935, during a period of cool, rainy 
weather young budded sweet cherry trees 12 to 18 inches high in 
nursery rows were damaged considerably by a bacterial disease. 
Black lesions developed on the green stems, often starting at a node. 
The leaves on infected areas turned black and collapsed. It was 
uncertain whether infection spread from the leaf to the stem or vice 
versa. During the early stages of development of the lesions the 
tissue appeared watersoaked and some gum exuded from longi-
tudinal cracks in the bark tissue. Young leaves were spotted fre-
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quently with small brown, circular spots, brown in the center and 
reddish at the margin. They developed very rapidly, appearing 
almost as soon as the leaves opened. 
Injury resulted from infection of the stems, a lesion on one side 
causing cessation of growth followed by bending or curling of the 
stem. In areas where water stood for some time after ra-ins many 
trees were killed when girdled by lesions. The leaf spotting was 
not a serious factor. 
Isolations from infected leaves and stems yielded a white, 
fluorescent bacterium resembling Bacterium syringae. Inoculations 
of wounded stems produced lesions similar to those occurring nat-
urally. The organism was an active parasite during periods of low 
temperatures, but caused only small lesions around the wound 
later in the summer. Lesions produced in cool weather ceased ex-
tension when the weather became warmer and the blackened bark 
sloughed off as callous tissue developed underneath. 
The trunk canker common in 1933 and 1934 appeared only 
occasionally in 1935. Inoculations with Bacterium pruni through 
the summer established its ability to cause typical gumming cankers 
when introduced through needle pricks Or into the wounds made 
by removing lateral branches. Inoculations of unwounded leaves 
caused spots but there was no spread from infected to healthy 
leaves. Inoculations of unwounded stems gave negative results . 
Various sprays to control the canker failed to give conclusive 
results due probably to the small number of cankers that developed 
even in the check plots. 
A Mushroom Disease. During the winter of 1935 severe 
losses of mushrooms occurred in a cave due to a cause as yet 
undetermined. Occasional beds showed small areas in which the 
mushrooms had abnormally long, slender stipes, crooked caps, 
and veils which ruptured prematurely. The caps failed to attain 
normal diameter and the entire sporophores were somewhat dry, 
tough, and punky. Sections through the cap often showed small 
dark pockets filled with a gray bacterial ooze. The trouble spread 
rapidly through the infected beds but did not show a very marked 
tendency to spread from one bed to another. It could be transmitted 
by transferring casing soil from diseased to healthy beds or hy 
placing a section from a diseased bed adjacent to and in contact 
with a healthy one. Bacteria isolated from infected caps failed to 
reproduce the disease when used for soil inoculation. 
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Treatment of infected beds with various concentrations of 
formaldehyde, DuBay 738, Ceresan, mercuric chloride, lime, sul-
phur and dry lime-sulphur failed to restore them to production. 
Diseased beds failed to produce even a few normal mushrooms. 
The disease was controlled by saturating a strip across the bed 
thoroughly with a solution of 1 part mercuric chloride in 500 parts 
of water. It was necessary to place the strips about 6 feet beyond 
the appaTently infected areas since the infection extended through 
the soil some distance in advance of its visible limits. Removing 
casing soil and compost to make a trench about 6 inches in width 
proved equally as efficient in stopping the progress of the disease. 
The cause has not been established. 
The identification of plant diseases during the year showed 
the following items of special interest. 
Phyllosticta minima on Acer saccharum was commOn in July, 
1935; infection of the leaves caused much discoloration and defolia-
tion. Cladosporium herbantm was abundant in a St. Louis County 
greenhouse in ;March 1936 on Antirrhinum majus as the cause of dis-
coloration of leaves and, under very humid conditions, of a soft, 
black rot of leaves. In the same house this host was aHacked by 
Corticium vagum, causing a stem rot and death 0.£ plants in small 
areas in the beds. Oats were smutted severely (Ustilago avenae 
and U. levis) in southwest Missouri. Some fields showed approxi-
mately 50'1'0 infection. In the northern part of the State smut was 
less prevalent than usual. Rust appeared late and caused little 
injury, except in occasional fields in the northwest section. Berberis 
vulgaris showed infection by Puccinia graminis in Gentry and Noda-
way Counties on May 7, in Franklin County on June 1, and in Hoh 
County on June 13. 
Fusarium conglutinans, the cause of cabbage yellows, was wide-
ly distributed and destructive to susceptible varieties. In Novem-
ber 1935 carrots in St. Louis County were damaged by M acrosporium 
carotae, which killed and discolored the older leaves. Chantenay 
appeared somewhat more susceptible than Long Orange, Coreless, 
or Special Bunching. Perennial Delphiniums suffered considerably 
in July and August, 1935, from the root and stem rot caused by 
Sclerotium delphinii. In one garden with overhead watering, leaf 
spot (Cercospora delphinii) was prevalent. Bacterium delphinii 
caused sOme leaf spotting but was not serious. The Blakemore 
Strawberry was affected by xanthosis in most o·f the plantings 
observed. Leaf spot (1\,1 ycosphearella fragariae) was very abundant 
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fcllowing the rainy spring cf 1935. Misscuri Early Beardless 
barley in Nodaway County was severely attacked by powdery 
mildew (Erysiphe graminis) and many leaves were killed and heads 
poorly filled. Kentucky Nc. 1 in the same field was but slightly 
damaged. Another field in the S<l'me county showed heavy infec-
tion of Missouri Early Beardless and moderate infection cf Ten-
nessee Nc. 5. In Caldwell Ccunty there was mcderate infecticn 
cf Misscuri Early Beardless and slight infecticn cf Kentucky No. 1. 
During the fall and winter cf 1935-36 much spring barley was ship-
ped intc the State for hcg feed. In many cases SCCl!b (Gibberelta 
saubinettii) infection was sc abundant that hO'gs became sick and 
refused to' eat the barley. Some scab infection was found in Mis-
scuri winter barleys but there were no repcrts of heavy infection. 
Seedling blight and roct rot of barley was fairly common. The 0'1'-
gCl!nisms usually found were H elminthosporium sativum and Gib-
berella saubinettii. 
Sweet potatces in storage in St. Charles County were affected 
by internal breakdown in February, 1936. Iris , variety Chalice, 
affected by a mosaic-like mottling, was received from Jasper Coun-
ty in June. Anthracnose (Glomerella cingulata) caused sericus 
lcsses of Ligustrum Thompsoni and L. vulgare in Jackson Ccunty 
in 1935. The Amur River Ncrth privet was not attacked. Lilium 
regale in Boone Ccunty was infected by a Phytophthora which 
caused a rot of the young stems in April. There was considerable 
rotting of tomatc fruits in greenhouses in J ackscn Ccunty in June 
by Oospora lactic parasitica. Phytophthora parasitica caused rotting 
of rcots and stems of tomatoes in greenhcuses in Jasper and 
Boone Ccunties in May. Alfalfa was severely defoliated in July, 
1935 in most counties following infection by the leaf spot fungus, 
Pyrenopeziza medicaginis. Bacterium pruni was isolated from cankers 
cn the 1935 wood cf Kelsey plums from Wright County, frcm leaf 
spots of nursery trees of Lombard, Yellcw Egg, Green Gage, and 
Reine Claude plums and Italian prunes in Buchanan County and 
from trunk cankers on n,ursery stock of Black Tartarian and cther 
sweet cherries in Newton and Buchanan Ccunties. 
Rust (Tranzschelia punctata) was commcn on plums in 1935. 
Cherries were seriously defoliated during 1935 through infection 
by the leaf spot fungus, Coccomyces hiemalis. In 1936 there was 
considerable infecticn cf both sweet and sour varieties in the ncrth-
west but the early appearance of dry weather prevented much dam-
age. Pears in Greene County were heavily infected by Fabraea 
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maculata in 1935 with much defoliation, fruit spotting, and canker-
ing of wa'ter sprouts. The leaf spot due to MycosphaereUa. sentina 
was abundant on an unkno\ovn variety. 
A few cases of infectious variegation of apples appeared in a 
Jonathan orchard in l\10rgan County. Scab (Venturia inaequalis) was 
very abundant in southern Missouri in 1935 but appeared late and 
caused much less fruit injury in the north. In 1936 infection was 
common only in the north'west where it caused little injury. Black 
rot (Physalospora malo rum ) caused extensive fruit rot in Wilson's 
Red June, but did not attack other varieties in a Green County 
orchard. 
A rot of radish roots in Jackson County greenhouses was caused 
by Corticium vagum in February, 1936. Black spot of roses (Diplo-
carpon rosae) caused extensive defoliation of Talisman, Paul N ey-
ron, Mrs. Aaron Ward, Gruss and Teplitz, and other varieties in 
1935. Canker (Cryptosporella umbrina) was found on specimens 
from Pike County. Heavy infection of black raspberries by Plecto-
discella veneta in Livingston County caused the death of many 
canes. Weeping willows in Boone and Montgomery Counties were 
severely cankered by an unidentified pycnidium-producing fungus 
in June, 1936. 
A potato field in Grundy County showed severe damage to 
Bliss Triumph by hopper-burn in .Tune, 1936. Early Ohio was only 
slightly injured and Irish Cobbler was not affected. Wheat was 
little injured by stem rust except in some fields in the northwest. 
In a Nodaway County field Michigan Wonder was very heavily 
infected. Harvest Queen and Fulcaster were heavily infected, 
Early May modera'tely, Poole slightly, and Kawvale showed only a 
trace of infection. Chinese elms in Cape Girardeau County were 
severely infected on leaves and twigs in August , 1935 by Dothidella 
ulmea. Corn in rich bottom fields in St. Charles and Mississippi 
Counties w as infected by bacterial stalk rot (Bacterium dissolvens) 
with heavy losses. 
Official Testing of Dairy Cows (H. A. Herman). During the 
year 671 purebred cows were tested officially for milk and butter-
fat production. Nineteen Missouri breeders had CO\Vs entered on 
test throughout the year. A total of 598 one-day and 504: two-day 
tests were conducted on 151 Advanced Register and Register of 
Merit cows. In addition 4:,945 Herd Improvement Registry tests 
were conducted. Surprise and check tests were conducted on 5 
herds. One .retest was made. Of the total cows tested, 410 C011l-
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pleted lactation records during the year. There were 458 cows 
entered on test at the start of the year and 551 a't the close of 
the year. Seventy-eight cows were started on Advanced Registry 
Test during the year, the remainder were entered on Herd 1m-
provemen t Registry Test, indicating a marked swing to this type 
of test. 
The highest individual producer for the year was Gray View 
Carnation Inka DeKol 1012820, a Holstein cow, owned by State 
Hospital No.4, Farmington, Missouri. She produced 21,492.6 
pounds of milk containing 803.9 pounds of butterfat in a 365 day 
lactation. Her A. R. S. O. record was started when she was 10 
years and 7 months of age. 
In the Jersey division, Imp. Popular Poppy 975499, owned by 
S. D. Conway, Springfield, produced 9828 pounds of milk contain-
ing 573.48 pounds of butterfat, age 6 years and 3 months to lead 
in the yearly class. Progress Owl Pilgrim Julia 1018577, owned by 
S. R. Head, Hannibal, yielded 8781 pounds of fat, age 3 years 2 
months, to lead in the 305 day class. 
In the Guernsey division, Buttergirl of Thornwood 287552 
owned by St. Albans Farms, Becker, Missouri, a mature cow in the 
Herd Improvement Registry Test led other wws of her breed with 
15,709.3 pounds of milk and 753.25 pounds of butterfat. 
In the Advanced Registry Division, Sunnymede Gertrude 
Claire 361977, a' mature cow owned by the Missouri Improvement 
Company, Bismarck, Missouri ranked first with 14,880.1 pounds 
of milk containing 728.4 pounds of butterfat. 
In the Herd Improvement Registry Division, the highest rank-
ing herd for the year was the Holstein herd owned by Fredmar 
Farms, Jefferson Barracks, Missouri. This herd of 10 cows, milked 
twice daily, set a national record, as well as a State record, by 
producing 14,198 pounds of milk and 470.2 pounds of butterfat per 
cow. The average lactation for cows in this herd was 10 months. 
State Hospital No.4, Farmington, Missouri, ranked second, with 
an average production of 12,715 pounds of milk and 436.6 pounds 
of fat per cow for a herd of 42 cows milked three times per day. 
Insect Identification and Control Recommendations (L. Hase-
man). During the year approximately 4,000 specific insect problems 
have been brought to the Experiment Station for solution by Mis-
sourians from all walks of life. General farmers, live stock men, 
dairymen, fruit growers, poultrymen, florists, chemists, contractors, 
housewives, hotel men, home owners, and others, all have troubles 
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with insects. In most cases personal letters were required for an-
swering the questions although in many cases published reports 
and mimeographed sheets were used. Insects and other pests are 
received for identification and often two or more later letters may 
be required. During the year about 2,000 Missouri fruit growers 
were given special spray service on codling moth control. Bimonth-
ly news letters were issued on codling moth emergence. Eight such 
letters were sent to growers. There has been a greatly increased 
interest in termites on the part of home owners and a: great many 
requests for specific information and an inexpensive remedy ha:ve 
been received. Missouri Agricultural Experiment Station Bulletin 
356 briefly supplies the essential information needed by home own-
ers in protecting their homes against termite attack. 
Emergency Grasshopper Control (L. Haseman). During the 
spring and summer of 1936 Missouri experienced the worst out-
break of gra·sshoppers in the history of the State and over 55 
carloads of Government bait and 4 cars of sodium arsenite ,,,,ere 
distributed to farmers in the west half of the State in an effort to 
control the pest. In addition to the bran supplied by the Federal 
Government, a similar amount of sawdust was secured locally 
and mixed with the bran in the bait. Also, farmers purchased 
about 700 tons of bait before the Federal bait was available. It was 
used in .'10 counties. From county records the grasshoppers stripped 
one million acres of corn which the drought already had damaged 
seriously. The bait protected over twice that much acreage from 
the grasshoppers. At a total cost of about $50,000 for Federal and 
fanner purchased bait materials Missouri farmers saved a low 
estimate of $15,000,000 worth of fodder, ensilage, corn, alfalfa, and 
soybeans. This work was carried all through the cooperative 
efforts of the Agricultural Extension Service, the Federal Govern-
ment , and Missouri farmers. This was one of the largest of the 
recent entomological undertakings in Missouri. 
Seed Testing Laboratory (Clara Fuhr). A total of 5631 sam-
ples of seeds and plants was tested and examined by the Seed Test-
ing Laboratory during the year ending June 30, 1'936. Of these 
5031 were tested for Missouri farmers and seedsmen including 1755 
samples of corn. Approximately 100 samples were tested for the 
Soil Conservation Service, U. S. D. A. and 102 Custom House sam-
ples subject to the Federal Seed Importation Act. 
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Three hundred fifty-two tests were made for farmers and 
seedsmen of other states as follows: 
Iowa .......... .............................. 136 Arkansas ........ ................. ....... 19 
Colorado ... ............. ................ 88 Michigan ........................... , .... 15 
South Dakota ......... .......... ..... 42 Illinois .................................... 1 
Nebraska ................................ 40 Louisiana ....... ...... ................... 1 
Kansas ............... ..................... 19 North Dakota ............ ,. .... ..... 1. 
Oklahoma .............................. 19 Washington ......... ..... ~........... 1 
N umber of samples tested for: 
Germination only ............ ......... .......................... ................................... 3076 
Purity and germination ...................................................................... 1405 
Examination and germination (including 426 approximate 
puri ty tes ts) ............. ......... .... ...... .... .. ... ..... .................................... 507 
Identification ............ .................... ...... ...... ............. ................................. 501 
Purity only ............ ........................ ... ;...................................... .............. 52 
Examination only .................................... ............................................ 38 
Examination, purity, and germination ........... .... .......... ................... 2 
Identification, examination, and germination ................................ 1 
Identification and germination ......... ........ ....................................... 1 
Examination and purity ................... ......... .. ............ .......................... 1 
Identification and purity .................................................................... 1 
5585 
Custom House samples not subject to Act, not tested ............ 46 
5631 
Total number of tests ma'de .............. .................................................. 7424 
Number of samples received: . 
July 1, 1934 to June 30, 1935 ....................................... ............. 6311 
July 1, 1935 to June 30, 1936 ............ ........................................ 5631 
The Production and Distribution of Bacteria for Legumes 
CW. A. Albrecht, T. M. McCalla). During the year sufficient cul-
tures were distributed to treat 15,439 bushels of legume seed. The 
number of bushel units furnished for the different legumes was 
as follows: 
Soybeans .............................. 9-889 Korean Lespedeza ............ 21'16 
Sweet Clover ...................... 1016 Red Clover ................ , .......... 1099 
Alfalfa _ .......... , .... , ....... _ ......... 1053 Miscellaneous _ ...... _.............. 266 
This project has been developed in connection with the proj-
ect of the Agricultural Extension Service to increase the tonnage 
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of legumes in the State. The Station has encouraged the use of the 
soil transfer method of inoculating legumes and also has encouraged 
the use of standard commercial cultures. 
The service rendered by this project is indicated by the follow-
ing table summarizing the bushels of legume seed represented by 
the cultures shipped, and the number of individuals served from 
1919 tOo 1936 inclusive. 
Year Ending 
June 30 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
19'31 
1932 
1933 
1934 
1935 
1936 
Inoculation 
Bushels Seed 
2667 
2932 
5309 
11161 
20010 
37595 
36163 
58441 
412:48 
50517 
41407 
38679 
31106 
19848 
8992 
20143 
14449 
15439 
Individuals 
Served 
800 
900 
1665 
2950 
4145 
7173 
6970 
9621 
6096 
6088 
5331 
4823 
4204 
2260 
1326 
1933 
20'13 
1409 
Testing SiOi.ls for Their Lime Need (W. A. Albrecht). Each 
year a large number of soil samples are tested for their lime need. 
These samples are received from farmers, county agents, and 
teachers of vocational agriculture. Additional tests have been 
made on many of the samples received, particularly a test for 
available phosphates and in many cases a determination of the 
readily decomposable organic matter has been made. The total 
number of samples tested during the year was 682. 
Distribution of Hog Cholera Serum (0'. S. Crisler). During 
the fiscal period the University Hog Cholera Serum Laboratory 
furnished to the swine raisers of Missouri directly or through 
veterinarians, county agricultural agents or vocational agriculture 
teachers 1,295,500 cubic centimeters of anti-hog-cholera serum 
distributed in 1407 orders, going into 71 counties and St. Louis City. 
Reports from the use of this serum have been satisfactory. 
Agglutination Blood Testing for Bang's Abortion Disease of 
Cattle and Swine (Paul L. Piercy). During this fiscal period a 
total of 425,250 blood samples have been tested for Bang's dis-
ease. Of these the results showed 378,735 or 89 per cent non-
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reactors, 16,670 or 3.9 per cent suspicious and 29,834 or 7.1 per 
cent reactors. A total of 11,170 or 2.9 per cent of the samples were 
samples tested by the State for farmers. These samples represented 
36,695 herds, the samples originating from all counties in the 
State. The other samples were tested in this laboratory in coopera-
tion with the Bureau of Animal Industry. 
This represented an increase of over 100 per cent in number 
of samples tested in this laboratory for the previous fiscal period 
and indicated a wide-spread interest in the Bang's disease eradica-
tion program. 
Agglutination Blood Testing for Pullorum Disease in Chickens 
CA. J. Durant, H. C. McDougle). During the fiscal period 49,613 
tests were run. Of this number, 960 specimens of blood were from 
turkeys. The total number of reactors were 2626 birds or 5.29 
per cent positive. 
In pullorum disease testing there has been a steady decrease in 
the number of reactors or infected birds found in the flocks, which 
indicated that the blood testing program wa·s of great benefit in 
eradicating pullorum dise'ase from farm flocks. The decrease in 
the number of tube agglutination tests run in this laboratory may 
be accounted for from the fact that the use of the rapid whole blood 
test has caused a drop in the demand for the tube test. 
Distribution of Experimental Chicken-Pox Vaccine CA. J. 
Durant, H. C. McDougle). During the fiscal period 27,665 doses 
of chicken-pox vaccine were distributed to poultry owners in 38 
counties of the state. More than two-thirds of the vaccine was 
distributed to counties south of the Missouri river, since most of 
the chicken-pox which occured is found in this section of the state. 
Diagnostic Service on Diseases of Animals and Poultry CA. J. 
Durant, H. C. McDougle, A. W. Uren, Cecil Elder). During the 
year over 2,619 specimens of disea'sed animals and poultry were 
examined. This did not include 231' cases for rabies diagnosis which 
is reported separately. The cases reported came from 68 counties 
and 18 specimens were from out of this state. 
Rabies Diagnostic Service CA. J. Durant, H. C. McDougle). 
Two-hundred thirty-one examinations were made for rabies 
during the fiscal period, coming from 39 counties of the state. 
Of the 231 examinations for rabies, 99 heads or 42.85 per cent were 
found to be affected with rabies. This represented an enormous 
increase in the number of cases over the previous fiscal period, 
which indicated a great increase in rabies for Missouri. 
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PUBLICATIONS 
A. A. JEFFREY, Editor 
The Missouri Agricultural Experiment Station, during the year 
ending June 30, 1936, issued a total of 35 publications including 
16 research bulletins, 15 bulletins, and 4 circulars. The yea'r's file 
of publications includes 1,118 pages illustrated with 328 figures. 
The total number of copies printed was 201,500. 
Distribution of Experiment Station publications during the 
same period involved 91,735 copies mailed to addresses in Missouri, 
45,054 mailed to other states, and 15 ,333 to foreign countries. The 
total number of publications distributed was 152,120. 
A list of publications issued during the yea'l" follows: 
Research Bulletins 
No. Series, Title, Author, and Numbers of Illustrations Pages Copies 
177 The Influence of Systems of Cropping and Methods of 
Culture on Surface Runoff and Soil Erosion, by M. F . 
M'i11er and H. H. Krusekopf, Reprinted March, 1936; 
Figs. 9 ................................ .. .. ....................................... ............... 32 3,000 
227 Some Economic Aspects of the Farm Poultry Enterprise, 
by Howard E. Golden, August, 1935; Figs. 9 .................... 92 2,000 
228 Growth and Development XXXVII. Interrelation Be-
tween Protein Intake Endogenous Nitrogen Excretion, 
and Biological Value of Protein, by U. S. Ashworth, 
August, 193$; Figs. 2 ................................................................ 15 2,000 
229 Factors Affecting Farm Land Values in Missouri, by C. H . 
Hammar, September, 1935; Figs. 34 .................................... 62 4,000 
230 Hypophysectomy of the Goat, by R. T. Hill, C. W. Turner, 
A. W. Uren, and E. T. Gomez, October, 1935; Figs. 7.... 18 2,000 
231 A Study of Factors Influencing Chromosomal Segregation 
in Translocations of Drosophila Melanogaster, by H. 
Bentley G·lass, October, 1935; Figs. 2 .... ............................ 28 2,000 
232 Relation of the Degrees of Base Saturation of a Colloidal 
Clay by Calcium to the Growth, Nodulation and Com-
position of Soybeans, by Glenn M. Horner, January, 
1936 ; Figs. 15 .............................................................................. 36 2,000 
233 Farm Prices and Quality of Missouri Cotton, by L. D. 
Howell, John S. Burgess, Jr., and F. L. Thomsen, Jan-
uary, 1936; Figs. 7 ................ .................................................... 32 2,000 
234 The Effect of Udder Irrigation and Milking Interval on 
Milk Secretion, bv E. R. Garrison and C. W. Turner, 
February, 1936; Figs. 14 ........................................................ 39 2,000 
235 A Study of the Involution of the Mammary Gland of the 
Goat, by C. VI. Turner and E. P. Reineke, March, 1935; 
Figs. 18 .......................................................................................... 23 2,000 
236 The Libraries of Missouri. A Survey of Facilities, by E. L. 
Morgan and Melvin V-l. Sneed, April, 1936; Figs. 17 ...... 95 2,500 
237 Virus Diseases of P lants, Purification of the Virus of 
Mosaic Disease of Tobacco, by C. G. Vinson, April. 1936 16 2,000 
238 Growth and Development XXXVIII. Further Studies on 
the Energetic Efficiency of Milk Production and the 
Influence of Live Weight The.ron, by S. Brody, and 
Richard Cunningham, May, 1936; Figs. 9 ........................ 52 2.000 
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239 Growth and D evelopment XXXIX. Relation Between 
Monetary ProfIt and Energetic Efficiency of milk Pro-
duction with Special Reference to the Influence. of Live 
'Weight Thereon, by S. Brody and Richard Cunningham, 
June, 1936; Figs. t~ ................................................................. . 
240 The Development of the Mammary Glands of the. Goat, by 
C. W. Turner and E. T. Gomez, May. 1936; Figs. 33 .... 
241 Skin Lesions of the Rat Association with the Vitamin B. 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
268 
326 
188 
189 
190 
191 
Complex, by Luther Richardson and A. G. Hogan, June, 
1936; Figs. 6 .............................................................................. .. 
Bulletins 
How Missouri Hogs are Marketed, bv F. L. Thomsen and 
Earl B. Smith, August, 1935; Figs: 12 ............................... . 
Winter Badey, a New Factor in Missouri Agriculture, by 
W. C. Etheridge, C. A. Helm, and E. Marion Brown, 
August, 1935; Figs. 12 ........................................................... . 
Estimating Live 'Weights of Dairy Cattle, by A. C. Rags-
dale and S. Brody, 0 etober, 1935 .......................................... .. 
Estimating Cond ition in Dairy Cattle, by S. Brody, and 
A. C. Ragsdale, October, 1935; Figs. 2 ............................... . 
Insect Pests of the Household, by Leonard Haseman, 
N ovem ber, 1935; Figs. 12 ......................................... .......... . 
Actinomycosis in Cattle. by J. W. Connaway and A. \V. 
Uren, November, 1935 ; Fig-s. 9 .......................................... .. 
Work of the Agricultural Experiment Station, by F. B. 
Mumford and S. B. Shil-ky, December. 1935; Figs. 5 .. .. .... 
Growing Good Crops of Oats in Missouri, by W. C. 
Etheridge and C. A. Helm, January. 1936, Figs. 4 ........ 
Korean Lespedeza in Rotations of Crops and Pastures 
by W. C. Etheridge and C. A. Helm, February, 1936; 
Figs. 8 ................. ... ................................................................... . 
Registration, Labeling, and Inspection of Commercial Fer-
tilizers; 1935, by F. B. :Mumford, L. D. Haigh and 
E. W. Cowan, March, 1936 .................................................. .. 
S·oil Conservation in an Improved Agriculture, by M. F. 
Miller, March, 1936; Figs. 7 ...................................... ........ .. 
Fertilizing Fruit Trees with Nitrogen, by A. E. Murneek, 
April, 1936; Figs. 6 ................................................................... . 
Tuberculosis of Poultry, by A. J. Durant, May, 1936; 
Figs. 10 ...................................................................................... .. 
The Use of Electricity on Missouri Farms, by R. R. Parks, 
Reprinted April , 1936; Figs. 27 .... ....................................... . 
Better Methods for ·Growing Alfalfa. by W. C. Etheridge 
and C. A. Helm, Reprinted April, 1936; Figs. 1 ............... . 
Circulars 
Hessian Fly and Its Control, by L. Haseman, September, 
1935; Figs. 1 ............................................................................ .. 
Testing Milk and Cream, by H. A. Herman, March, 1935; 
Figs. 19 ....................................................................................... .. 
Missouri Apple Spraying Recommendations for 1935, by 
T. J. Talbert, Leonard Haseman and H. G. Swartwout, 
March, 1936 ..................................................................... 00 ....... .. 
Plant Propagation. By Seedage, Cuttage, Laye.rage, and 
Separation, by T. J. Talbert, April, 1936; Figs . 10 .......... .. 
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47 2,000 
23 2,000 
36 2,000 
19 3,000 
28 15,000 
10 10,000 
16 10,000 
12 10,000 
16 10,000 
123 4,000 
12 12,000 
?" 
_oJ 15,000 
43 5,000 
15 10,000 
20 10,000 
23 10,000 
48 5,000 
16 10,000 
4 4,000 
18 10,000 
8 3,000 
18 10,000 
The Farm News Service.-Fifty-two issues of the clip sheet 
were printed and distributed to all newspapers, farm journals, coun-
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ty extension agents, vocational agriculture instructors, soil con-
servation supervisors, and resettlement county workers in Mis-
souri. Each issue of the clipsheet contained ten to fifteen informa-
tional articles and news items. This service was issued jointly by 
the Experiment Station and Extension Service. 
Special Press Service.-A special press service was issued to 
metropolitan dailies and news distributing syndicates maintaining 
special correspondents in Columbia. These were in the nature 
of spot news stories announcing new discoveries made by the Ex-
periment Station, activities of the staff, and recommendations 
designed to meet emergencies and seasonal problems. This service 
is issued in the form of typewritten copy and is distributed at a 
daily press conference, under uniform release dates. 
Radio Broadcasting.--Members of the Experiment Station staff 
contributed throughout the year to the da'ily radio broadcast known 
as the Morning Broadcast of the Missouri College of Agriculture 
made possible through the courtesy of Station KFRU at Columbia. 
Each broadcast consisted of some 1,200 to 1,500 words, requiring 
ten minutes of speaking time. Most of the authors delivered their 
broadcasts in person. 
CONTRIBUTIONS TO SCIENTIFIC JOURNALS 
429-Hogan, A. G., Boucher, Robert V., and Kempster, Harry L., Adequacy 
of Simplified Rations for the Complete Life Cycle of the Chick, J our-
na! of Nutrition, July, 1935. 
430 Hammar, Conrad, Intensity of Land Use and the Resettlement Prob-
lem in Missouri, J ourna! of Farm Economics, August, 1935. 
431-Haigh, L. D., Use of Aspergillus Niger in Testing Potash Availability, 
J ourna! of Assoc. Off. Agr. Chemistry, 1935. 
432-Haseman, L., The Codling Moth and Present Control Measures, Mo. 
State Hort. Soc. Proc., May, 1935. 
433-Shepard, P. H., Some Results of Horticultural Experimentation at 
Mountain Grove, Mo. State Hart. Proc., May, 1935. 
434-Swartwout, H. G., Spray Injury, Mo. State Hart. Soc. Proc., May, 1935. 
435-Tucker, C. M .. The Life History of the Apple Scab Fungus, Mo. State 
Hart. Soc. Proc., May, 1935. 
436-Vinson, C. G., Removal of Spray Residue fro111 Fruit, Mo. State Hort. 
Soc. Pro c., May, 1935. 
437-Mc'Shan, VV. H., and Turner, C. "V., The Bioassay of the Lactogenic 
Hormone, Galactin, American Journal of Physiology, Aug. 1935. 
438-Turner, C. W., and Gomez, E. T., The Radiosensitivity of the Cells of 
the Mammary Gland, Journal Cancer Research, Aug. 1935. 
439-Funk, E. M., Factors Influe,ncing Temperature Changes in Shel! Eggs, 
Sixth World Poultry Conference, Berlin, Aug., 1935. 
440-Stadler, L. J., Loss Mutatiol1s.in Maize, Submitted to Iowa State College 
Journal Sci., April, 1935. 
441-Talbert, T. ]., How Poisonous is Spray Residue? American Soc. Hart. 
Sci. Proc. (1934). 
442-Thomsen, F. 1.., The Direct Marketing Controversy, Journal Farm Eco-
nomics, September, 1935. 
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443-Jenny, Hans, Kinetic Theory of Ionic Exchange I. Ions of Equal 
Valency, Journal of Physical Chemistry, Oct., 1935. 
444--Warbritton, Virgene, and MlcKenzie, F. F., The Pituitary of the Ewe 
During the Estrus Cycle and Pregnancy, Annual Meeting of Amer. 
Assoc. for the Advancement of Science, November, 1935. 
445-TerrilI, C. E., Estrus and Ovulation, Proc. Amer. Soc. of Animal Pro-
duction, November, 1935. 
446-Nahm, Laura]., A Cytological Study or the Adrenal Gland of the Ewe 
During Estrus and Pregnancy, Zoology Section, Amer. Assoc. for 
Advancement of Science, December, 1935. 
447-Wooley, J. C., Terrace Outlet Structures, Presented at Meeting of Chi-
cago A. S. A. E., December, 19.35. 
448-Murneek, A. E., and Schowengerdt, C. G., A Study of the Relation of 
Size of Apples to Number of 'Seeds and Weight of Spur Leaves, Proc. 
of Amer. Soc. of Horticultural Science, December, 1935. 
449-Murneek, A. E., Pollination Studies with Golden Delicious, Minkler, and 
Arkansas Varieties of Apples, Amer. Soc. of Horticultural Science, 
December, 1935. 
450--Long, J. H., Seasonal Changes in Nitrogen and Carbohydrate Content 
of the Strawberry Plant, Amer. Soc. of Horticultural Science, De-
cember, 1935. 
451~Smith, Geo. E., Studies of Fall and Spring Applications of Nitrogen 
Fertilizers to Apple Trees, Amer. Soc. of Horticultural Science, De-
cember, 1935. 
452-Swartwout, H. G., Some Spray Notes on Spray Injury, Amer. Society 
of Horticultural Science, December, 1935. 
453-Talbert, T. J.-Spray Residue Gleanings, Amer. Soc. of Horticultural 
Science, December~ 1935. 
454--Schroeder, R. A., The Effect of Some Summer Oil Sprays Upon the 
Carbon Dioxide Adsorption in Apple Leaves, Amer. Soc. of Hort. 
Science, December, 1935. 
455-Vinson, C. G., Substitute for Arsenate of Lead as Spray Materials for 
Coding Moth, Journal of Economic Entomology, January, 1935. Also 
read at meeting of Amer. Assoc. for the Adv. of Science, December, 
1936. 
456-Hammar, Conrad, An Approach to the Grading of Land for the Purposes 
of Appraisal, Journal of Farm Economics, January, 1936. 
457-Funk, E. M., Fractors Influencing Temperature Changes in Shell Eggs, 
Proc. of Sixth 'World's Poultry Congress at Leipzig, Germany, 1936. 
458-Reece, R. P., Turner, C. W., and Hill, R. T., Mammary Gland Develop-
ment in the Hypophysectomized Albino Rat, Proc. of Soc. of Exp. 
Biology and Medicine, February, 1936. 
459-Gomez, E. T., and Turner, C. IN., Non-Effect of Estrogenic Hormones 
on the Mammary Cland of Hypophysectomized Guinea Pig, Proc. of 
Soc. of Exp. Biology and 'Miedicine, March, 1936. 
460-Tompkins, C. M., Tucker, C. M., and Gardner, M. 'vV., Phytophthora 
Root Rot of Cauliflower, Journal of Agr. Research, March, 1936. 
461-Hibbard, A. D., A Modification of the Eckerson Method for Determining 
Nitrate Reducase, Journal of P lant Physiology, March, 1936. 
462-Hogan, A. G., Guerrant, Ralph E., and Ritchie, Walter S., Observa-
tions on the Anemia Caused by Deaminized Casein, Journal of Biolog-
ical Chemistry, March, 1936. 
463-Turner, C. \V., Seasonal Variation in the Birth Rate of the Milking Goat 
in the United States, Journal of Dairy Science, April, 1936. 
464-Reece, R. p" and Turner, C. W., Influence of Estrone Upon the Galactin 
Content of Male Rat Pituitaries, Proc. of the Soc. of Experimental 
Biology and Medicine, April, 1936. 
465-Gornez, E. T., and Turner, C. W., Effect of Hypophysectomy and Re-
placement Therapy on Lactation of Guinea Pigs, Proc. of the Soc. of 
Experimental Biology and Medicine, April, 1936. 
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COOPERATIVE PROJECTS, RESEARCH GRANTS, AND 
FELLOWSHIPS 
During the year the Experiment Station has cooperated with 
the United States Department of Agriculture in the following 
projects: 
A Study of Adjustments in Farming by Regions and Type of 
Farming Areas, from the Standpoint of Agricultural Adjust-
ments and Planning, Including Soil Conservation; 
Some Economic Aspects of the Farm Poultry Enterprise; 
Types of Farming in Missouri; 
The Economic USe of Power, Labor., and Machinery in Crop 
Production; 
Methods of Beef-Cattle Production; 
Factors Influencing Quality and Palatability of Meat; 
Feeding Beef Calves Previous to Vveaning-Fattening for 
Market; 
Physiology of Reproduction in Farm Animals; 
Cooperative Project for Research in the Improvement of Pas-
tures in the Corn Belt; 
A Study of Beafiness and Milk Production in Dual Purpose 
Cattle; 
Soil Erosion Investigations; 
Maintenance and Development of the Hatch Dairy Experi-
ment Station at Hannibal, Missouri; 
Cooperative Investigations on Parasites of the Oriental Fruit 
Moth; 
An Investigation of the In·sect Pests of the Sunflower; 
Cereal and Forage Crop Insects (Life history, control); 
Seed Testing Laboratory; 
Corn Improvement; 
Relative to Fruit Disease Investigations in the Ozarks. 
Research grants and fellowships have been received from the 
foHo'wing sources for the purposes indicated. 
American Cyanamid Industrial Co. 
For researches in plant nutrition. 
Elizabeth Blee Frasch Foundation 
Research in growth and development of domestic animals. 
Missouri State Highway Commission 
Conducting research in soils relating to the Stabilization of 
roadbeds and supplementary highways. 
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Mount Arbor Nurseries 
For research on cherry diseases. 
Rockefeller Foundation 
Study of the nutrition of the mammary gland. 
National Research Council 
Some genetic effects of X-rays in plants with special attention 
to studies of the genetic nature of induced mutations. 
NEW EQUIPMENT 
The following equipment has been added to the Station equip-
ment during the year: 3 Monroe Calculators; 2 Cars (Plymouth) 
(Official); 1 Mechanical stage (for microscope); 60 Microslide 
boxes; 2 Microscope lamps; 1 Colorimeter lamp; 1 Spencer lamp; 
1 Set of brass weights; 3 Scales (100-lb . Howe) (Farm); Battery 
of animal cages; 1 Desiccator; 1 Electric hot plate; 1 Electric 
refrigerator; 3 Microscopes (Research) (Field) (Binocular); 10 
Hog troughs; 2 Temperature regulators (Thermostatic) (Thermo); 
Color charts; 1 special micrometer; 1 Small sprayer; 1 Ellis Cham-
pion Wood Separator; 1 Air compressor & blow gun; 1 Coleman 
pH Electrometer; 1 Drawing table; 2 Plane tables; 6 Cuvettes; 1 
Torsion balance; 1 Platform balance; 1 Blast lamp-Precision; 1 Fat-
tening battery; Brooders for small chicks; 32 Sheep; 1 Buck; 14 
Lambs; 1 Set brass sieves; 160 Steel posts; 6 Steel end posts; End 
posts; Liner posts; 120 Rods woven wire; Cork borers; Flower 
pots; Stone jars; Spray hose; Meylan timer; ,Motor; Assimulation 
chambers; 12 V-point needle valves; 1 "Vet test meter; 1 Fertilizer 
distributor; 300 iron rods for tomato stakes in greenhouse;. 1 Set 
of 3 trocars; Nitrogen apparatus; Test tubes; Spencer Filar Micro-
meter Eyepiece; Hydrogen-ion apparatus; Ba:lance solution; Mis-
cellaneo'us laboratory equipment-glassware, hypodermic syringes, 
reagents, etc.; 4 doz. bulletin filing cases; 6 Filing cabinets' (3 
steel) ; 2 Stools; 2 Chairs; 1 Desk. 
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CHANGES IN STATION STAFF FOR THE YEAR ENDING 
JUNE 30, 1936 
Appointments 
Charles H. Baldwin, Research Assistant in Entomology 
Lyle C. Bauguess, Instructor in Agricultural Chemistry 
H. E. Brown, Research Assistant in Entomology 
R. C. Cunningham, Research Assistant in Dairy Husbandry 
Paul N. Doll, Research Assistant in Agricultural Engineering 
Elizabeth Dyar, Research Assistant in Home Economics 
Inez Eckblad, Research Assistant in Home Economics 
Darryl R. Francis, Research Assistant in Agricultural Economics 
Herman M. Haa'g, Assistant Professor of Agricultural Economics 
Peter Heinze, Research Assistant in Horticulture 
Virgil Herring, Research Assistant in Agricultural Chemistry 
Aubrey D. Hibbard, Research Assistant in Horticulture 
Lloyd E. Hightower, Graduate Assistant in Agricultural Engi-
neenng 
Emma G. Holmes, Research Assistant in Home Economics 
John R. Jackson, Research Assistant in Horticulture 
Cha:rles. E. Murphy, Research Assistant in Animal Husbandry 
Kenneth C. Parman, Research Assistant in Entomology 
George F. Sprague, Assistant Professor of Field Crops 
Ellsworth Springer, Research Assistant in Agricultural Economics 
Virgene Warbritton, Research Assistant in Animal Husbandry 
Lloyd E. Washburn, Research Assistant in Dairy Husbandry 
Adelia Weis, Research Assistant in Home Economics 
R. H. Westveld, Assistant Professor of Forestry 
Charles S. Williams, Assistant in Animal Husbandry 
Louise Woodruff, Research Assistant in Home Economics 
Resignations and Withdrawals 
Charles Baldwin, Research Assistant in Entomology 
Albert J. Dyer, Assistant in Animal Husbandry 
G. W. Giles, Resea:rch Assistant in Agricultural Engineering 
Aubrey D. Hibbard, Research Assistant in Horticulture 
R. T. Hill, Research Assistant Professor of · Dairy Husbandry 
John R. Jackson, Research Assistant in Horticulture 
Herbert L. Koch, Research Assistant in Entomology 
E. P. Reineke, Assistant Instructor in Dairy Husbandry 
Clair E. Terrill, Research Assistant in Animal Husbandry 
F. L. Thomsen, Professor of Agricultural Economics 
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FINANCIAL STATEMENT 
UNIVERSITY OF MISSOURI 
AGRICULTURAL EXPERIMENT STATION 
in account with 
THE UNITED STATES APPROPRIATION, 1936 
Hatch Adams Purnell 
Fund Fund Fund 
Dr. 
121 
Bankhead-
Jones 
Fund 
To balance from 1934-35 ______ $- - -- - - - - - -- $--------- $---------- $----------
Receipts from the Treasury of 
the United States, as per appro-
priations for fiscal year end-
ed June 30,1936 ___________ 15,000.00 15,000 . 00 60,000.00 19,241.95 
TotaL ____ ___ ___________ 15,000.00 15,000.00 60,000.00 19,241. 95 
Cr. 
Personal services _____________ 10,534.77 8,688.16 35,840.02 8,375.21 
Supplies and materials ________ 1, 757.05 4,937.37 11,817.64 1,973.37 
Communication service _______ 172.00 11. 75 97.02 98.00 
Travel expenses ______________ 274 . 64 24.84 1,163.21 1,078 .89 
Transportation of things ______ 90.19 120.31 526.08 61.08 
Printing and illustrating publi-
cations ____________________ 1,063.88 
------ -
2,089.17 
------
Heat, light, water and power._ 58.36 102.63 313.69 258.52 
Contingent expenses __________ 
.20 2.90 168.90 18.40 EquipmenL __ __ ________ _____ 1,009.31 821. 06 5,783.90 1,452.36 
Bui.dings and land _______ ____ 39.60 290.98 2,200.37 5,926.12 Balance __________ ___________ 
------ ------ ------ ------
TotaL __________________ 15,000.00 15,000.00 60,000.00 19,241.95 
